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8.3.5   PERFORMANCE  ASSESSMENT  PROGRAM 

This  section  describes  the  Yucca  Mountain  Project  (formerly  the 
Nevada  Nuclear  Waste  Storage  Investigations  (NNWSI)  Project)  performance 
assessment  program  for  both  the  preclosure  and  postclosure  time  periods. 
Section  8.3.5.1  provides  an  overview  of  the  strategy  for  preclosure  perform- 
ance assessment.   The  site  data  needs  and  the  design  activities  necessary  to 
demonstrate  compliance  with  the  performance  objective  for  maintaining  an 
option  of  waste  retrieval  are  presented  in  Section  8.3.5.2  (Issue  2.4).   Site 
and  design  information  necessary  to  perform  radiological  safety  assessments 
are  described  in  Sections  8.3.5.3  through  8.3.5.5.   Section  8.3.5.3 
(Issue  2.1)  addresses  public  exposure  under  normal  conditions,  and  Sec- 
tion 8.3.5.4  (Issue  2.2)  addresses  worker  exposure  under  normal  conditions. 
Section  8.3.5.5  (Issue  2.3)  describes  the  approach  to  assessments  of  radio- 
logical safety  under  accidental  conditions. 

Sections  8.3.5.6  and  8.3.5.7  (Issues  2.5  and  4.1)  differ  from  the 
previous  sections,  in  that  they  address  the  site  data  requirements  for 
supporting  higher  level  findings  on  the  DOE  general  siting  guidelines 
(10  CFR  Part  960) .   These  findings  are  required  at  the  time  of  selection  of 
the  first  repository  site. 

Section  8.3.5.8  describes  the  overall  strategy  for  postclosure  perform- 
ance assessment.   The  approach  to  demonstrating  compliance  and  the  site  data 
needed  for  the  waste  package  containment  performance  objective  are  described 
in  Section  8.3.5.9  (Issue  1.4).   Site  data  needs  and  planned  activities  for 
assessing  compliance  with  the  release  rate  limits  for  the  engineered  barrier 
system  are  presented  in  Section  8.3.5.10  (Issue  1.5).   Section  8.3.5.11 
describes  the  general  plans  for  assessing  seal  system  performance.  Site  data 
needs  required  to  establish  that  the  pre-waste-emplacement  ground-water 
travel  time  is  at  least  1,000  years  are  described  in  Section  8.3.5.12  (Issue 
1.6).  Activities  to  generate  the  necessary  calculational  models  and  to 
identify  the  likely  flow  paths  are  also  described  in  Section  8.3.5.12. 
Section  8.3.5.13  (Issue  1.1)  describes  the  plans  for  complying  with  the 
requirements  for  assessing  total  repository  system  performance.   The  site 
data  needed,  as  well  as  the  activities  planned  to  develop  appropriate  calcu- 
lational models  and  identify  potentially  significant  release  scenarios  are 
described.  Sections  8.3.5.14  and  8.3.5.15  describe  the  site  data  needs  and 
the  plans  for  activities  to  demonstrate  compliance  with  the  requirements  for 
limiting  radiation  doses  to  man  (Issue  1.2)  and  for  protection  of  special 
sources  of  ground  water  (Issue  1.3)  . 

The  approach  to  be  taken  in  addressing  the  NRC  requirements  for  perform- 
ance confirmation  is  described  in  Section  8.3.5.16  (Issue  1.7).   Sec- 
tion 8.3.5.17  (Issue  1.8)  describes  the  strategy  for  addressing  the  favorable 
and  potentially  adverse  conditions  in  the  NRC  siting  criteria.   The  close 
interaction  between  assessment  of  total  system  performance  in  Sec- 
tion 8.3.5.13  (Issue  1.1)  and  this  section  is  highlighted  in  the  discussion. 
Section  8.3.5.18  (Issue  1.9),  like  Sections  8.3.5.6  and  8.3.5.7,  describes 
the  approach  developed  to  comply  with  the  requirements  for  higher  level 
findings  on  the  DOE  general  siting  guidelines.   Section  8.3.5.18  specifically 
addresses  higher  level  findings  for  the  postclosure  technical  guidelines. 
Finally,  Sections  8.3.5.19  and  8.3.5.20  describe  the  analytical  techniques 
already  developed  and  those  still  requiring  development. 
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The  schedule  information  provided  in  this  section  includes  the 
sequencing,  interrelationships,  and  durations  of  the  performance  assessment 
activities  and  should  be  regarded  as  a  snapshot  in  time.  Section  8.5 
presents  the  major  milestones,  decision  points,  and  summary  schedule 
information  for  the  repository  program. 
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8.3.5.1  Strategy  for  preclosure  performance  assessment 

During  the  repository  preclosure  period,  performance  assessment  is 
synonymous  with  safety  assessment.   Safety  assessment  involves  assessment  of 
the  risks  and  hazards  to  which  the  repository  workers  and  the  general  public 
may  be  exposed  as  a  result  of  the  activities  that  will  be  carried  out  at  the 
repository  before  its  permanent  closure. 

Preclosure  safety  assessment  is  a  major  component  of  the  overall 
licensing  strategy,  providing  a  mechanism  for  resolving  Key  Issue  2.   The 
uses  of  preclosure  safety  assessment  include  (1)  providing  guidance  to  design 
by  determining  the  need  for  preventive  and  mitigative  measures  for  reducing 
the  effects  of  potential  accidents,  as  well  as  providing  guidance  to  improve 
or  modify  repository  operating  procedures;  (2)  demonstrating  compliance  with 
regulatory  requirements  (10  CFR  Part  60,  40  CFR  Part  191,  and  10  CFR  Part  20) 
and  with  DOE  orders;  (3)  identifying  the  structures,  systems,  and  components 
important  to  safety  for  supporting  the  identification  of  the  Q-List  items; 

(4)  supporting  demonstration  of  compliance  with  DOE  siting  guidelines  and  NRC 
siting  criteria  by  providing  preclosure  safety  assessment  result;  and 

(5)  providing  information  to  the  general  public  on  preclosure  repository 
safety. 

The  general  categories  of  risks  that  will  be  considered  within  the  scope 
of  preclosure  safety  assessment  include  (1)  radiation  effects  on  repository 
personnel  and  the  public  from  accidents  and  routine  operations,  (2)  non- 
radiological  effects  on  repository  personnel  and  the  public  from  accidents 
and  routine  operations,  and  (3)  economic  costs  of  accidents.   For  the  resolu- 
tion of  Key  Issue  2,  however,  only  radiological  safety  will  be  considered. 
Nonradiological  safety  assessment  and  economic  costs  accidents  will  be 
considered  for  the  resolution  of  Key  Issue  4.   The  economic  analyses  will 
address  costs  of  actual  risks  but  not  perceived  risks. 

The  preclosure  safety  assessment  will  address  risks  during  the  following 
preclosure  activities: 

1.  Construction  of  surface  facilities  and  subsurface  excavations. 

2.  Operations,  including  (a)  receipt,  handling,  and  preparation  of 
spent  fuel  and  other  wastes  in  surface  facilities  for  emplacement; 
(b)  emplacement  of  wastes  in  the  underground  facility;  and  (c)  moni- 
toring and  maintenance  of  activities  before  the  repository  is 
permanently  closed. 

3.  Retrieval  operations,  if  required. 

4.  Decommissioning,  including  the  removal  of  the  surface  facilities  and 
the  permanent  sealing  of  underground  facilities. 

The  DOE  plans  to  include  many  types  of  safety  analyses  within  the  over- 
all structure  of  the  analytical  techniques  of  safety  assessment.  For  the 
analyses  performed  for  the  Yucca  Mountain  Project,  the  DOE  is  developing  a 
preclosure  risk  assessment  methodology  (PRAM)  that  will  establish 
procedures  on  assessment  methods,  computer  codes,  assumptions,  and  data 
bases.  Section  8.3.5.1.1  overviews  the  PRAM  program,  Section  8.3.5.1.2 
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identifies  how  information  required  to  conduct  a  preclosure  safety  assessment 
will  be  obtained,  Section  8.3.5.1.3  covers  the  uses  of  PRAM  for  both  radiolo- 
gical and  nonradiological  accidents,  and  Section  8.3.5.1.4  covers  the  appli- 
cability of  PRAM  to  routine  operations. 


8.3.5.1.1  Overview  of  the  PRAM  program 

The  PRAM  program  is  illustrated  in  Figure  8.3.5.1-1.  The  program 
addresses  four  elements  of  safety  assessment,  including  (1)  major  considera- 
tions for  performing  a  preclosure  safety  assessment,  (2)  analytical  ap- 
proaches for  assessing  safety,  (3)  safety  assessment  results,  and  (4)  end 
uses  of  preclosure  safety  assessment.  A  preclosure  risk  assessment  method- 
ology program  (PRAM)  will  implement  this  process  and  further  develop  the 
safety  assessment  process  as  the  repository  program  progresses. 

Passage  of  the  National  Waste  Policy  Amendments  Act  of  1987  (NWPAA, 
1987)  has  reduced  the  need  for  PRAM  to  provide  for  uniformity  among  analyses 
for  various  sites.  Although  the  exact  evolution  of  the  PRAM  program  is  not 
completely  defined  at  this  time,  important  uses  for  the  program  remain, 
including  (1)  providing  tradeoff  analyses  for  considering  various  risk 
categories,  (2)  providing  a  fully  integrated  program  to  assist  the  design, 
and  (3)  providing  for  consistency  of  analyses  related  to  other  elements  of 
the  waste  disposal  system,  i.e.,  the  monitored  retrievable  storage  and 
transportation . 

For  the  repository,  the  major  considerations  that  will  be  addressed  by 
the  PRAM  program  include  (1)  repository  design  phases,  (2)  preclosure 
operation  phases,  (3)  a  spectrum  of  risk  categories,  (4)  end  uses  of  the 
safety  assessment  results  by  the  Office  of  Civilian  Radioactive  Waste  Manage- 
ment, and  (5)  data  needed  for  assessing  repository  safety. 

The  PRAM  program  will  address  two  design  phases  of  the  repository:  the 
advanced  conceptual  design  (ACD)  and  the  license  application  design  (LAD) . 
This  will  include  further  development  of  the  Q-List  Methodology,  which  has 
been  established  for  assessing  the  conceptual  design  (CD) .   The  preclosure 
activities  that  will  be  addressed  include  construction,  operation,  potential 
retrieval,  and  decommissioning.   The  spectrum  of  risk  categories  that  may  be 
considered  includes  the  following: 

1.  RAP — radiological  risk  from  accidents  to  the  public. 

2.  RAW — radiological  risk  from  accidents  to  the  essential  workers. 

3.  RRP — radiological  risk  from  routine  operations  to  the  public. 

4.  RRW — radiological  risk  from  routine  operations  to  the  workers. 

5.  NAP — nonradiological  risk  from  accidents  to  the  public. 

6.  NAW — nonradiological  risk  from  accidents  to  the  workers. 

7.  NRP — nonradiological  risk  from  routine  operations  to  the  public. 

8.  NRW — nonradiological  risk  from  routine  operations  to  the  workers. 

9.  COSTR — economic  risk  from  radiological  accidents. 
10.  COSTN — economic  risk  from  nonradiological  accidents. 

For  resolving  issues  related  to  regulatory  requirements  for  siting  and 
licensing,  the  appropriate  risk  categories  to  be  addressed  in  the  SCP  include 
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RAP,  RAW,  RRP,  and  RRW.  Nevertheless,  the  PRAM  program  will  address  all  risk 
categories  necessary  to  meet  the  needs  of  all  end  users.   The  applications  of 
the  risk  categories  to  the  various  Office  of  Civilian  Radioactive  Waste 
Management  end  uses  is  illustrated  in  Figure  8.3.5.1-2. 

The  results  used  to  support  these  applications  will  include  (1)  dominant 
accident  sequences  from  each  phase  of  repository  operation;  (2)  accident 
sequence  likelihood  information;  (3)  information  on  dominant  routine 
releases;  (4)  occupational  exposures;  (5)  items  important  to  safety; 

(6)  consequence  results,  including  health  effects  and  economic  costs; 

(7)  estimates  of  the  uncertainties  in  the  safety  assessment  results;  and 

(8)  bottom-line  risk  estimates.  The  PRAM  program  will  further  define  the 
results  for  supporting  each  end  use. 

The  PRAM  program  will  develop  detailed  analytical  approaches  for  ad- 
dressing each  risk  category.   In  developing  the  analytical  approaches,  the 
major  considerations  will  be  addressed  collectively  to  reflect  their  inter- 
dependence. 

A  general  description  of  the  radiological  and  nonradiological  risks  that 
can  result  from  accidents  and  routine  operations  during  repository  construc- 
tion, operation,  retrieval,  and  decommissioning  is  briefly  provided  in  the 
following  paragraphs. 

Construction — accidents 

Because  significant  quantities  of  radioactive  materials  will  not  be 
present  at  locations  where  construction  is  taking  place  (e.g.,  the  excavation 
and  waste  emplacement  areas  of  the  underground  facilities  will  be  separated) , 
no  significant  radiological  effects  are  expected  from  construction-related 
accidents.  Accidents  during  construction  of  the  surface  facilities  should  be 
typical  of  any  large  construction  project.   These  accidents  will  primarily 
affect  the  workers.   Some  public  effects  are  possible  from  construction  acci- 
dents, but  these  would  be  principally  associated  with  the  transportation  of 
construction  materials  to  the  site.  Accidents  during  construction  of  the 
mined  portion  of  the  repository  should  be  typical  of  any  large  underground 
construction  project  and  will  primarily  affect  workers  and  have  little  or  no 
public  effects. 

Construction — routine  activities 

There  may  be  radiological  risks  to  both  the  public  and  the  worker  during 
routine  construction  of  the  mined  portion  of  the  repository.   These  mining 
operations  will  result  in  releases  into  the  atmosphere  of  some  natural 
radioactive  materials  that  are  present  in  the  host  rock.   Some  data  exists  on 
the  amount  of  radioactive  material  present  in  the  air  in  underground  mines. 
These  data  have  been  used  to  make  preliminary  estimates  of  the  airborne 
radionuclides  and  other  particulates  that  would  be  present  in  the  mine  air 
and,  therefore,  available  for  the  miners  to  breathe  and  for  release  from  the 
mine  to  the  atmosphere.   The  repository  mining  operation  will  also  require 
that  large  amounts  of  the  host  rock  material  be  stored  on  the  surface  during 
the  construction  and  operational  phases  of  the  repository.   This  practice 
could  also  result  in  release  of  radioactive  constituents  of  the  host  rock  to 
the  biosphere.   In  addition,  small  quantities  of  radioactive  material  will  be 
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used  during  construction  for  nondestructive  testing,  etc.   These  sources  are 
not  expected  to  impact  the  public  and  are  expected  only  to  have  a  minor 
impact  on  repository  workers . 

Operation — accidents 

The  potential  accidents  during  waste  repository  operations  can  have  both 
radiological  and  nonradiological  impacts  that  may  affect  both  workers  and  the 
public.   Radiological  risks  to  the  public  from  accidents  during  repository 
operation  are  those  traditionally  addressed  in  risk  assessment  studies. 
Small  "industrial"  type  accidents  could  expose  workers  to  both  radiological 
and  nonradiological  hazards.  Some  accidents  could  cause  significant  damage 
to  the  facility  and  exposure  of  workers,  but  probably  not  result  in 
significant  off site  releases.  Very  unlikely  accidents  might  cause 
significant  offsite  releases,  but  preliminary  analyses  indicate  that  such 
events  are  either  very  rare  or  not  credible. 

Operation — routine 

Workers  will  receive  routine  radiation  exposures  from  handling  radio- 
active wastes.  Small  amounts  of  radioactive  material  may  be  released  as 
routine  effluents  from  the  facility  at  levels  well  within  regulatory  limits. 
There  may  also  be  small  releases  of  fugitive  dust  from  mined  material  stored 
at  the  surface. 

Retrieval — accidents 

Risks  during  retrieval  will  be  characterized  using  methods  similar  to 
those  applied  to  estimate  risks  from  the  operation  phase  of  the  repository. 

Ketrieval — routine  operations 

Risks  during  retrieval  will  be  characterized  using  methods  similar  to 
those  applied  to  estimate  risk  during  operations,  although  retrieval  is 
expected  to  be  more  complicated  than  emplacement . 

Decommissioning — accidents 

Radiological  risks  from  accidents  during  decommissioning  are  expected  to 
be  small  due  to  the  relatively  limited  guantities  of  residual  radioactive 
material  expected  to  be  present  in  the  surface  facilities.  Nonradiological 
accident  risks  during  decommissioning  should  be  similar  to  nonradiological 
risks  from  accidents  during  construction. 

Decommissioning — routine  operations 

Workers  will  be  exposed  routinely  to  low  levels  of  radiation  during  the 
decommissioning  operations  and  could  be  exposed  to  dust  and  other  potential 
nonradiological  hazards.  These  risks  are  expected  to  be  small.  No  signifi- 
cant routine  offsite  effluents  are  expected. 
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8.3.5.1.2  Identifying  information  needs 

A  great  deal  of  information  is  required  to  conduct  an  assessment  of  the 
risk  categories  identified  in  Sections  8.3.5.1  and  8.3.5.1.1.   This 
information  includes  physical  property  values,  design  descriptions  and 
objectives,  and  analytical  tools.   The  resolution  strategies  for  performance 
Issues  2.1  through  2.3  provide  a  comprehensive  and  systematic  process  for 
determining  the  required  information.  As  shown  in  Sections  8.3.5.3  through 
8.3.5.5,  most  of  this  information  is  associated  with  the  design  of  engineered 
systems  and  does  not  require  site  characterization,  environmental  monitoring, 
or  socioeconomic  monitoring  activities.   Instead,  the  goals  and  expected 
ranges  for  this  design-related  information  will  be  developed  as  an  integral 
part  of  the  normal  design  and  safety  assessment  processes.   For  the 
information  to  be  obtained  from  site  characterization  or  from  the  collection 
of  environmental  and  socioeconomic  data,  the  parameter  attributes  that  will 
be  measured  and  the  methods  of  satisfying  the  information  needs  are  contained 
in  study  plans  appropriate  for  the  discipline  or  subject  area  of  interest. 

The  general  analytical  strategies  and  approaches  for  assessing 
preclosure  radiological  safety  are  described  in  Sections  8.3.5.1.3  and 
8.3.5.1.4.   The  analytical  approaches  fall  within  two  broad  categories: 
(1)  the  assessment  of  radiological  risks  from  accidents  and  (2)  the 
assessment  of  radiological  risks  from  routine  operations.   These  two  general 
safety  assessment  analytical  approaches  may  also  be  applicable  to  the  other 
risk  categories. 


8.3.5.1.3  General  analytical  approach  for  assessing  radiological  risks  from 
accidents 

The  general  analytical  approach  for  the  assessment  of  radiological  risks 
from  accidents  to  the  public  and  workers  is  illustrated  in  Figure  8.3.5.1-3. 
As  pointed  out  in  Section  8.3.5.1.1,  preclosure  safety  assessment  can  be 
performed  at  any  design  phase  (e.g.,  conceptual,  advanced  conceptual,  or 
license  application  design  phases) ,  although  its  specificity  is  clearly  a 
function  of  the  level  of  detail  of  the  available  design  and  operations  infor- 
mation.  The  analytical  steps  are  briefly  described  below;  their  results  are 
applicable  to  risk  categories  RAP  (radiological  risks  from  accidents  to  the 
public)  and  RAW  (radiological  risks  from  accidents  to  the  workers) .   The 
inclusion  of  the  appropriate  analytical  steps  and  the  depth  of  analysis  of 
each  step  at  each  design  assessment  phase  will  depend  on  the  design  and 
operations  information,  the  available  analytical  data,  and  the  intended  end 
use. 

Step  1:   Repository  familiarization  and  identification  of  initiating  events 

The  objectives  of  step  1  are  (1)  to  identify  and  describe  the  physical 
configurations  and  processes  of  the  repository  systems  and  support  systems  to 
be  modeled,  and  the  dependencies  among  them,  and  (2)  to  identify  the  accident 
initiating  events  to  be  considered  in  the  risk  assessment.   The  system  de- 
scription information  includes  surface  and  underground  facility  layout,  engi- 
neering diagrams,  and  operating  procedures.   Engineering  diagrams  include 
process  flow,  functional,  component-status  (during  standby,  operation  and 
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maintenance)  and  instrumentation.   The  information  gained  from  this  step  will 
be  used  to  model  the  systems  and  support  systems  in  step  3  (repository 
systems  analysis) . 

After  the  physical  configuration  and  processes  of  the  repository  systems 
and  support  systems  are  described,  the  potential  accident  initiating  events 
that  could  challenge  the  eguipment  and  operations  of  the  repository  are 
identified.   The  identification  of  the  initiating  events  will  be  based  on 
previous  studies  and  a  detailed  examination  of  the  repository  design  and 
activities  to  be  performed  during  construction,  operation,  retrieval,  and 
decommissioning.   The  types  of  initiating  events  will  include  external 
natural  phenomena  (e.g.,  earthguakes) ,  external  man-caused  phenomena  (e.g., 
airplane  crash),  eguipment  failure  (e.g.,  crane  drops),  and  human  error 
(e.g.,  transporter  accident).   The  PRAM  program  will  identify  a  list  of 
initiating  events  that  are  generally  applicable  to  a  repository  and  estimate 
their  probability  of  occurrence.  The  PRAM  program  will  also  establish 
guidelines  on  the  identification  of  site-specific  initiating  events  and  the 
threshold  probabilities  for  establishing  the  credible  initiating  events. 

Step  2:   Event  tree  development 

The  objective  of  step  2  is  to  identify  the  potential  accident  seguences 
that  could  occur  following  the  initiating  events.  Accident  seguences  are 
commonly  identified  using  an  event  tree  modeling  approach.   Given  each 
credible  initiating  event  identified  in  Step  1,  an  event  tree  model  will  be 
constructed  to  identify  a  set  of  accident  seguences  based  on  the  response  of 
the  surface  and  subsurface  systems,  repository  processes,  and  reactions  of 
the  operator  to  the  initiating  event.  The  potential  accidents  are  screened, 
usually  through  an  iterative  process  based  on  their  estimated  freguency  of 
occurrence  (computed  in  step  7)  and  conseguences  (computed  in  steps  8  and  9) . 
From  the  iteration  process,  a  set  of  dominant  accident  seguences  can  be 
determined.   The  dominant  accident  seguences  can  be  used  to  develop  design 
basis  accidents  (DBAs)  that  complement  the  set  of  DBAs  that  may  be  reguired 
by  regulatory  authorities.  DBAs  are  the  postulated  accidents  and  resulting 
conditions  for  which  the  confinement  structures,  systems,  and  components  must 
meet  their  functional  goals.  For  the  advanced  conceptual  and  license 
application  design  phases,  the  PRAM  program  will  establish  the  methods  and 
assumptions  for  event  tree  modeling  and  a  common  naming  scheme  for  the 
repository  systems  and  support  systems. 

Step  3:  Repository  systems  analysis 

The  objective  of  step  3  is  to  develop  the  reliability  models  for  the 
repository  systems  and  support  systems  to  be  analyzed.  As  shown  in 
Figure  8.3.5.1-3,  the  information  needed  for  this  step  is  obtained  from  step 
1  (repository  familiarization  and  identification  of  initiating  events) ;  step 
4  (human  reliability  analysis) ;  step  5  (common  cause  failure  analysis) ;  and 
step  6  (data  base  development) .   These  system  logic  models  are  necessary  for 
the  guantification  of  the  accident  seguences  to  be  performed  in  step  7 
(accident  seguence  analysis) .   The  PRAM  program  will  establish  the  appro- 
priate reliability  modeling  technigues  for  a  repository.   The  appropriate 
level  of  analysis  will  depend  on  the  design  phase  and  input  from  steps  1,  4, 
5,  and  6.  Potential  technigues  include  fault-tree  analysis,  failure  mode  and 
effects  analysis  (FMEA) ,  GO  methodology,  and  reliability  block  diagram. 
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[Note:  GO  methodology  computes  probability  that  a  system  exists  in  each  of  a 
few  states.]  Most  likely,  a  combination  of  reliability  techniques  (e.g., 
fault-tree  analysis  with  FMEA)  will  be  recommended  by  the  PRAM  program. 

Step  4:   Human  reliability  analysis 

The  objectives  of  step  4  are  (1)  to  identify  the  human  errors  to  be 
included  in  the  preclosure  safety  assessment,  (2)  to  provide  the  probability 
estimates  for  these  errors,  and  (3)  to  assist  in  the  inclusion  of  human 
recovery  actions  to  mitigate  the  consequences  of  accidents.  Human 
reliability  analysis  (HRA)  has  direct  input  to  step  3  and  will  provide 
insights  on  how  to  improve  design  and  to  use  certain  types  of  procedures  and 
operator  training.   The  PRAM  program  will  establish  the  appropriate  HRA 
methods,  computer  codes,  and  assumptions  for  each  design  phase.  HRA  data 
will  be  developed  under  step  6  (data  base  development) .  The  level  of  HRA 
effort  will  depend  on  the  level  of  design  information. 

Step  5:   Common  cause  failure  analysis 

The  objective  of  step  5  is  to  identify  the  failures  of  multiple  equip- 
ment items  occurring  from  a  single  cause  that  is  common  to  all  equipment 
items,  for  example,  a  loss  of  electric  power  can  cause  failures  of  several 
repository  systems.   The  results  of  this  step  will  be  used  in  step  3.   The 
level  of  detail  of  common  cause  failure  analysis  (CCFA)  will  depend  on  the 
level  of  design  information.  Areas  of  CCFA  that  need  to  be  addressed  include 
common  cause  accident  initiating  events  (e.g.,  floods,  fire,  and  loss  of 
electric  power) ,  intersystem  dependencies  (to  be  treated  at  the  event  tree 
level) ,  and  intercomponent  dependencies  (to  be  treated  at  the  lower  logic 
modeling  level,  e.g.,  fault  tree).   The  PRAM  program  will  establish  the 
appropriate  methods,  computer  codes,  and  assumptions  to  be  used  for  a 
repository.   CCFA  data  will  be  developed  as  part  of  step  6. 

Step  6:  Data  base  development 

The  objective  of  step  6  is  to  develop  the  data  bases  for  the  analytical 
steps  of  the  preclosure  safety  assessment.  As  shown  in  Figure  8.3.5.1-3, 
data  are  needed  for  steps  3,  4,  5,  7,  8,  and  9.   The  PRAM  program  will  de- 
velop the  data  bases  that  are  generally  applicable  to  a  repository.  As  part 
of  the  development  of  data,  the  PRAM  program  will  establish  estimates  of  (1) 
initiating  event  frequencies;  (2)  component  failure,  repair,  test,  and 
maintenance  parameters;  (3)  human  reliability;   (4)  common  cause  failures; 
and  (5)  data  used  in  consequence  analysis.  The  PRAM  program  will  also  estab- 
lish the  methods  and  assumptions  for  modifying  the  generic  data  for  a 
repository  and  for  treating  data  uncertainty.  Much  of  the  activity  in  this 
step  will  occur  as  part  of  steps  1  through  5  and  7  through  9.  The  data  base 
will  be  used  in  the  documentation  and  control  of  the  data  used  in  the 
analysis. 

Step  7:  Accident  sequence  analysis 

The  objective  of  step  7  is  to  quantify  the  frequency  of  occurrence  of 
the  accident  sequences  identified  from  event  tree  development  (step  2)  by 
linking  the  system  logic  models  (step  3)  and  using  the  data  developed  in 
step  6  for  quantification.   Each  accident  sequence  is  transformed  into  a 
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mathematical  expression,  represented  in  Boolean  algebra,  which  is  composed  of 
minimal  cut  sets.   Using  the  Boolean  eguation,  an  estimate  of  the  frequency 
of  occurrence  of  the  accident  sequence  can  be  computed,  uncertainty  and 
sensitivity  analyses  can  be  performed  (step  10),  and  an  importance  analysis 
(also  in  step  10)  can  be  performed  to  identify  structures,  systems,  and 
components  important  to  safety  for  supporting  the  formulation  of  the  Q-List 
items.  As  mentioned  in  step  3,  the  analysis  of  the  results  from  steps  3,  4, 
and  9  will  use  an  iterative  process  to  identify  the  dominant  accident 
sequences  that  complement  the  set  of  DBAs  developed  in  response  to  regulatory 
requirements.   The  PRAM  program  will  establish  the  methods,  computer  codes, 
and  assumptions  on  (1)  Boolean  equation  reductions,  (2)  the  probability 
threshold  for  minimal  cutsets,  (3)  the  treatment  of  human  recovery,  and 
(4)  the  frequency  threshold  for  identifying  dominant  accident  sequences.   In 
addition,  PRAM  will  establish  the  screening  process  for  identifying  and 
incorporating  accident  sequences,  including  low  probability/high  consequence 
sequences  into  more  general  release  categories  to  facilitate  subsequent 
consequence  analyses. 

Step  8:   In-plant  consequence  analysis 

The  objective  of  step  8  is  to  determine  the  accident  consequences  within 
the  repository  site  boundary,  including  the  surface  and  underground  facili- 
ties. These  consequences  include  exposure  of  essential  workers  and  economic 
costs  from  radiological  accidents. 

In-plant  consequence  analysis  will  be  performed  for  the  selected  design 
basis  accidents  and  the  full  set  of  dominant  accident  sequences,  or  both.  A 
consequence  model  representing  the  course  of  events  from  accident  initiator 
to  personnel  exposure  will  be  developed  for  the  surface  and  underground 
facilities.  Computer  codes  and  analytical  models  will  be  used  to  describe 
the  accident  radionuclide  release  mechanisms,  the  resulting  source  term, 
radionuclide  transport  from  the  surface  and  underground  facilities  to  the 
surface  release  points,  exposure  of  essential  workers,  and  economic  losses 
due  to  accidents.   The  PRAM  program  will  develop  the  methods,  computer  codes, 
and  assumptions  to  ensure  that  consistency  is  maintained  throughout  the 
program. 

Step  9:  Environmental  transport  and  off site  consequence  analysis 

The  objective  of  step  9  is  to  estimate  accident  consequences  outside  the 
repository  site  boundary.  These  consequences  include  health  effects  on  the 
general  public  and  economic  costs  resulting  from  the  radiological  accidents. 

Refinement  of  the  release  categories  will  be  established  based  on  re- 
sults from  steps  7  and  8  to  minimize  the  off site  consequence  analysis  effort. 
The  PRAM  program  will  provide  guidance  for  establishing  the  methods,  computer 
codes,  and  assumptions  for  air  and  water  dispersion,  pathways  to  man,  dosime- 
try, health  effects,  and  economic  models  to  ensure  program  consistency.  Tae 
data  will  be  developed  in  step  6. 

Step  10:  Uncertainty,  sensitivity,  and  importance  analyses 

Each  of  the  three  analyses  of  step  10  has  its  own  objective.  The  ob- 
jective of  an  uncertainty  analysis  is  to  estimate  the  uncertainty  in  the 


3.5.1-11 


DECEMBER  1988 

results  due  to  uncertainty  in  the  parameters  and  models.  Such  uncertainties 
as  those  in  the  accident  sequence  likelihood  estimates  (step  7) ,  in  the 
releases  to  the  environment  (step  8),  and  in  the  risk  to  the  public  health 
and  safety  (step  9)  can  be  computed.  The  objective  of  a  sensitivity 
analysis,  which  is  often  a  useful  adjunct  to  uncertainty  analysis,  is  to 
determine  how  much  the  output  of  an  analysis  changes  with  respect  to 
variation  in  the  input.   The  objective  of  the  importance  analysis  is  to 
identify  and  rank  the  important  accident  sequences,  system  failures, 
component  failures,  and  human  errors  with  regard  to  the  accident  sequence 
likelihood  estimates.  The  importance  analysis  will  identify  the  structures, 
systems,  and  components  important  to  safety  and  will  be  used  to  help 
formulate  the  Q-List  items  for  the  advanced  conceptual  and  license 
application  phases  of  design.  The  PRAM  program  will  develop  overall  methods 
for  combining  the  uncertainties  and  sensitivities  from  the  various  analytical 
steps  and  establish  the  methods  for  importance  analysis  to  support  the 
preparation  of  the  Q-List  items. 

Step  11:  Documentation  and  use  of  results 

The  objective  of  step  11  is  to  document  the  safety  assessment  method- 
ology and  results.  The  PRAM  program  will  develop  an  annotated  outline  for 
the  documentation  of  the  safety  assessment  results  by  a  repository  project. 
A  preclosure  safety  assessment  will  be  prepared  to  support  the  advanced 
conceptual  design  compliance  with  siting  requirements.   The  safety  assessment 
results  will  be  based  on  the  advanced  conceptual  design  information.  A  more 
detailed  preclosure  safety  assessment  will  be  prepared  to  support  the 
preparation  of  the  safety  analysis  report  and  the  environmental  impact 
statement.  It  will  be  based  on  the  license  application  design  information. 

Safety  assessment  results  from  the  analytical  approaches  described  in 
this  section  and  Section  8.3.5.1.4  can  be  used  to  improve  the  preclosure 
repository  safety.  An  important  principle  of  safety  is  that  it  is  better  to 
prevent  or  reduce  the  frequency  of  occurrence  of  an  accident  than  to  mitigate 
its  consequences.  When  appropriate,  preventive  safety  measures  will  be 
incorporated  into  the  repository  design  as  it  matures.   Selection  of  pre- 
ventive measures  will  be  based  on  the  results  from  the  accident  sequence 
analysis  (step  7),  with  additional  safety  insights  from  uncertainty,  sensi- 
tivity, and  importance  analyses  (step  10)  . 

Safety  assessment  results  can  also  be  used  to  improve  preclosure 
repository  safety  by  identifying  mitigative  measures.   Given  accidents  of 
various  probabilities  and  consequences,  which  together  constitute  the 
incremental  risk  or  significance  of  the  event,  it  is  possible  to  identify 
design  and  procedural  measures  that  can  reduce  the  risk.  Those  measures 
taken  to  lessen  the  consequences  of  potential  accidents  are  termed  mitigating 
features.   Recommendations  of  mitigative  measures  will  be  based  on  results 
from  accident  sequence  analysis  (step  7)  and  consequence  analyses  (steps  8 
and  9) ,  with  additional  insights  from  uncertainty,  sensitivity,  and 
importance  analyses  (step  10) . 
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8.3.5.1.4  General  analytical  approach  for  assessing  radiological  risks 
from  routine  operations 

Public  radiological  safety 

The  general  approach  to  resolving  Issue  2.1  (public  radiological 
exposures — normal  conditions)  is  discussed  in  Section  8.3.5.3  and  depicted  in 
Figure  8.3.5.3-2  of  that  section.   The  general  approach  for  assessing 
public  radiological  safety  is  shown  in  the  box  labeled  "public  radiological 
safety  assessment  package"  in  Figure  8.3.5.3-2.   The  following  provides  a 
step-by-step  discussion  of  the  analytical  approach. 

Step  1:  Design  evaluation 

The  design  package  and  site  data  are  obtained  from  the  reference 
information  base  (RIB) ,  and  the  repository  design  features  related  to  the 
radiological  safety  of  the  public  during  normal  operations  are  evaluated. 
The  following  discusses  the  types  of  information  that  are  investigated  during 
this  design  evaluation.  The  high  level  waste  (HLW)  throughput  (schedule  and 
amount  of  waste  received  per  year)  is  an  important  controlling  factor  in  the 
design  of  the  repository  process  and  storage  facilities  (e.g.,  hot-cell 
structure  and  lag  storage) .  Direct  radiation  that  can  be  emitted  from  the 
central  process  area  and  the  amount  of  routine  radioactive  effluents  will  be 
directly  related  to  the  amount  of  HLW  on  hand  and  being  processed.   These 
sources  of  potential  doses  to  the  public  also  depend  on  how  processes  are 
conducted  for  such  activities  as  waste  receipt,  lag  storage,  waste  handling 
and  consolidation,  transport  of  waste  containers  and  possible  heat  treating 
of  spent  fuel  assemblies.  Public  exposure  to  radiation  sources  from  such 
activities  will  also  be  controlled  by  administrative  procedures  (e.g.,  limits 
on  frequency  of  tasks  and  time  in  storage) .  Attributes  of  the  repository 
design  that  will  play  a  major  role  in  controlling  direct  radiation  and 
release  of  radioactive  effluents  to  the  unrestricted  area  include  such 
features  as 

1.  Barrier  and  shield  thicknesses,  composition,  and  distance  from  the 
source  and  the  maximally  exposed  individual. 

2.  Containment  and  ventilation  system  characteristics  (e.g.,  repository 
and  hot-cell  layout,  differential  pressures  between  areas,  openings, 
air  locks,  and  filters) . 

3.  Containment  characteristics  of  the  waste  form  (i.e.,  fuel  elements, 
waste  package,  etc.) 

4.  Radioactive  material  release  point  characteristics  (e.g.,  stack 
height,  diameter,  exit  velocity,  temperature,  and  distance  from 
unrestricted  area) . 

In  addition,  as  part  of  the  regulatory  performance  verification  require- 
ments, specific  systems  and  operational  controls  will  be  needed  to  verify 
that  the  repository  design  and  operation  will  maintain  the  annual  radiation 
dose  to  the  public  to  less  than  the  regulatory  limits.  Types  of  systems  that 
must  be  provided  include  (1)  gaseous,  particulate,  and  liquid  effluent  moni- 
toring and  control  equipment,  (2)  effluent  sampling  and  measuring  equipment, 
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(3)  environmental  surveillance  equipment,  and  (4)  emergency  response  fea- 
tures. Design  of  these  systems  will  be  incorporated  in  the  normal  repository 
design  process.  The  information  needed  for  this  design  evaluation  will  be 
the  product  of  the  design  process  and  will  generally  not  depend  directly  on 
the  site  characterization  activities.  However,  data  on  background  radio- 
logical constituents  and  dust  characteristics  may  affect  the  design  of 
monitoring  equipment.  Data  on  dust  characteristics  are  discussed  in  Section 
8.3.2.4  (nonradiological  health  and  safety)  and  only  mentioned  here  because 
worker  health  concerns  require  more  extensive  data  on  dust. 

Step  2:  Identification  of  radiation  source  characteristics 

Potential  sources  of  radiation  that  can  contribute  to  the  dose  to  the 
maximally  exposed  individual  in  the  unrestricted  area  can  be  categorized  as 
(1)  resulting  from  repository  operations,  (2)  resulting  from  operation  of 
off site  facilities,  and  (3)  resulting  from  miscellaneous  operations.  Exam- 
ples of  radiation  sources  resulting  from  repository  operations  are  receipt  of 
HLW  shipping  casks,  releases  during  spent  fuel  consolidation,  transport  of 
HLW  containers,  and  naturally  occurring  radionuclides.  An  example  of 
radiation  resulting  from  the  operation  of  nearby  offsite  facilities  is  the 
routine  release  of  radioactive  material  from  a  nearby  nuclear  fuel  cycle 
facility,  if  any. 

The  specific  information  needed  about  the  potential  source  terms 
includes  radionuclides  involved,  quantity  and  concentration,  decay  radiation 
and  energies,  and  physical  and  chemical  forms.   General  information  needed 
about  the  source  terms  for  dose  evaluation  include 

1.  Planned  repository  operational  details  (e.g.,  scheduled  HLW 
throughput  and  inventories,  generated  low-level  waste  (LLW)  and 
transport  rates,  and  normal  effluent  release  rates) . 

2.  Repository  design  features  (e.g.,  radionuclide  barriers,  normal 
effluent  release  locations,  layout  distances,  containment,  leakage, 
and  filtration  details) . 

3.  Environmental  details  (e.g.,  pathways  for  transport  or  dispersion  of 
radioactive  materials  through  the  soil,  air,  and  water  to 
vegetation,  animals,  and  the  public,  and  location  of  relevant 
offsite  facilities  and  their  radionuclide  release  rates) . 

4.  Natural  radionuclide  sources  (e.g.,  radon  emanation  rate). 

Depending  on  the  characteristics  of  the  source  terms,  the  information 
needs  will  be  satisfied  by  either  the  site  characterization  program,  the 
repository  design  process,  or  the  environmental  and  socioeconomic  sampling 
and  monitoring  programs.  Development  of  the  analytical  tools  needed  to 
evaluate  potential  adverse  public  impacts  of  the  source  terms  will  be 
coordinated  with  the  preclosure  risk  assessment  methodology  (PRAM)  program 
requirements  and  recommendations. 
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Step  3:   Radionuclide  transport  evaluation 

The  next  element  in  the  public  radiological  safety  assessment  package  is 
radionuclide  transport  evaluation  following  release  to  the  environment  of 
radioactive  material  from  normal  repository  activities.  Radioactive  releases 
to  the  environment  from  offsite  facilities  must  also  be  considered  since 
these  releases  can  contribute  to  the  dose  to  the  public  in  the  repository 
unrestricted  area. 

The  pathways  for  the  initial  concentration  of  radionuclides  released 
from  the  repository  central  process  area  and  offsite  facilities  to  the  public 
in  the  unrestricted  area  need  to  be  described.  The  possible  pathways 
to  the  public  can  be  directly  through  the  air,  water,  and  soil,  or  indirectly 
through  vegetation  and  animals. 

The  dispersion  of  airborne  radioactive  materials  can  result  in  (1)  ra- 
dionuclide concentrations  in  the  air  that  can  cause  an  external  dose  by 
direct  radiation  or  an  internal  dose  through  inhalation  or  (2) ground  deposi- 
tion of  radioactive  material.   Similarly,  dispersion  of  waterborne  radio- 
active effluents  can  result  in  an  external  dose  by  direct  radiation,  an 
internal  dose  through  drinking  of  the  water,  or  the  deposition  of  radioactive 
material.   Radionuclides  deposited  on  the  ground,  plants,  or  riverbanks  can 
cause  a  direct  radiation  dose  but,  more  importantly,  they  can  enter  the  food 
chain  through  uptake  and  bioaccumulation  in  plants  and  animals.   Examples 
would  be  eating  cattle  that  grazed  on  local  grass  or  eating  grain  irrigated 
with  local  water. 

Analytical  tools  in  the  form  of  dispersion  and  pathway  models  will  be 
required  to  perform  the  radionuclide  transport  evaluation.  Meteorological 
data  (e.g.,  wind  speed  and  direction  and  atmospheric  stability)  will  be 
needed  as  input  to  the  dispersion  model.  This  need  for  site  data  will  be 
satisfied  by  the  site  characterization  program.  Specific  data  (e.g.,  type  of 
crops  raised  and  bioaccumulation  of  radionuclides  in  plants  and  animals)  will 
be  required  for  the  food  chain  pathway  models.  This  data  need  will  be 
addressed  by  the  socioeconomic  and  environmental  monitoring  program. 

Step  4:   Public  radiation  exposure  calculation 

The  last  step  in  the  analysis  is  the  evaluation  of  radiological  exposure 
that  quantifies  the  maximum  dose  to  the  public  postulated  from  the  normal 
operation  of  the  repository  and  offsite  facilities. 

The  maximum  dose  to  an  individual  at  the  nearest  unrestricted  location 
is  normally  considered  the  greatest  potential  adverse  impact  and  is  used  as 
the  basis  for  calculations.  The  furthest  distance  the  unrestricted  area  can 
be  from  the  repository  is  5  km.  The  Bureau  of  Land  Management  limits  occu- 
pancy at  this  location.   Occupancy  at  a  site  about  15  km  away  from  the  repos- 
itory will  be  assumed  to  be  24  hours  per  day,  365  days  per  year.   Individuals 
are  conservatively  assumed  to  do  such  things  as  drink  local  water,  eat  local 
animals  and  fish,  eat  foodstuffs  grown  using  local  water,  and  spend  recrea- 
tional time  in  local  water  bodies.  Analytical  models  will  be  used  to 
quantify  the  public  dose.   The  following  types  of  analytical  tools  will  be 
needed: 
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1.  Building  ventilation,  filtration,  and  leakage  models. 

2.  Radiation  shielding  models. 

3.  Atmospheric  dispersion  models. 

4.  Radiological  impact  models  for  transportation  of  LLW. 

5.  Food  chain  pathways  models. 

6.  Radiological  consequence  assessment  models. 

The  information  needed  to  calculate  doses  using  these  analytical  tools 
will  be  provided  as  discussed  in  the  previous  steps.  This  information  will 
be  the  product  of  the  site  characterization  program,  the  socioeconomic  and 
environmental  monitoring  program,  and  the  normal  repository  design  process. 
Following  is  a  list  of  some  technical  guidance  documents  that  will  be  evalu- 
ated for  applicability  to  the  development  of  the  previously  mentioned  analy- 
tical tools.  A  list  of  analytical  tools  that  are  available  for  use  is  con- 
tained in  Section  8.3.5.19  (completed  analytical  techniques).  Further  dis- 
cussions of  analytical  tools  still  needed  are  contained  in  Section  8.3.5.20 
(techniques  requiring  development) . 

1.  Regulatory  Guide  1.21 — Measuring,  Evaluating,  and  Reporting  Radio 
activity  in  Solid  Waste  and  Release  of  Radioactivity  in  Liquid  and 
Gaseous  Effluents  From  Light-Water-Cooled  Nuclear  Power  Plants 
(Revision  1,  June  1974)  (AEC,  1974)  . 

2.  Regulatory  Guide  1.23 — Onsite  Meteorological  Programs  (NRC,  1980). 

3.  Regulatory  Guide  1.109 — Calculation  of  Annual  Doses  to  Man  From 
Routine  Releases  of  Reactor  Effluents  for  the  Purposes  of  Evaluating 
Compliance  With  10  CFR  50,  Appendix  I  (Revision  1,  October  1977) 
(NRC,  1977a) . 

4.  Regulatory  Guide  1.111 — Methods  for  Estimating  Atmospheric  Transport 
and  Dispersion  of  Gaseous  Effluents  in  Routine  Releases  From  Light- 
Water-Cooled  Reactors  (Revision  1,  July  1977)  (NRC,  1977c) . 

5.  Regulatory  Guide  1.112 — Calculation  of  Releases  of  Radioactive 
Materials  in  Gaseous  and  Liquid  Effluents  From  Light -Water-Cooled 
Power  Reactors  (Revision  O-R,  May  1977)  (NRC,  1976b) . 

6.  Regulatory  Guide  1.113 — Estimating  Aquatic  Dispersion  of  Effluents 
From  Accidental  and  Routine  Reactor  Releases  for  the  Purpose  of 
Implementing  Appendix  I  (Revision  1,  April  1977)  (NRC,  1977b) . 

7.  Safety  Series  No.  58 — Concepts  and  Examples  of  Safety  Analyses  for 
Radioactive  Waste  Repositories  in  Continental  Geological  Formations 
(IAEA,  1983a) . 

8.  Safety  Series  No.  60 — Criteria  for  Underground  Disposal  of  Solid 
Radioactive  Waste  (IAEA,  1983b) . 

9.  Safety  Series  No.  68 — Performance  Assessment  for  Underground 
Radioactive  Waste  Disposal  Systems  (IAEA,  1985) . 
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10.  DOE/EP-0023 — A  Guide  for  Environmental  Radiological  Surveillance  at 
U.S.  Department  of  Energy  Installations  (July  1981)  (Corley  and 
Denham,  1981) . 

11.  DOE/EP-0096--A  Guide  for  Effluent  Radiological  Measurements  at  DOE 
Installations  (April  1982)  (Corley  and  Corbit,  1983) . 

Worker  radiological  safety 

The  general  approach  to  resolving  Issue  2.2  (worker  radiological 
safety — normal  conditions)  is  discussed  in  Section  8.3.5.4  and  depicted  in 
Figure  8.3.5.4-2.  The  general  approach  for  assessing  worker  radiological 
safety  is  shown  in  the  box  labeled  "worker  radiological  safety  assessment 
package"  and  is  discussed  here. 

The  following  discussion  provides  a  step-by-step  explanation  of  the 
general  approach  to  predict  worker  radiation  doses  during  the  normal 
operation  of  the  repository. 

Step  1:  Design  evaluation 

The  design  package  and  site  data  are  obtained  from  the  reference  infor- 
mation base  (RIB) ,  and  the  repository  design  features  related  to  the  radio- 
logical safety  of  the  worker  during  normal  operations  are  evaluated.   The 
following  text  discusses  the  types  of  information  that  are  investigated  dur- 
ing this  design  evaluation.  The  high-level  waste  (HLW)  throughout  (schedule 
and  amount  of  waste  received  per  year)  is  an  important  controlling  factor  in 
the  design  of  the  repository  process  and  storage  facilities  (e.g.,  hot-cell 
structure  and  lag  storage)  and,  hence,  in  the  radiation  doses  predicted  for 
workers.  Direct  radiation  that  can  be  emitted  from  the  central  process  area 
and  the  amount  of  routine  radioactive  effluents  will  be  directly  related  to 
the  amount  of  HLW  on  hand  and  being  processed.  These  sources  of  potential 
dose  to  the  workers  also  depend  on  how  processes  are  conducted  for  such 
activities  as  waste  receipt,  lag  storage,  waste  handling  and  consolidation, 
and  transport  of  waste  containers.  Worker  radiation  doses  from  such  activi- 
ties will  be  controlled  principally  by  design  features  and  administrative 
procedures  (e.g.,  limits  on  freguency  of  tasks  and  time  in  storage),  which 
will  be  a  secondary  control  on  worker  exposure.  Attributes  of  the  repository 
design  that  will  play  a  major  role  in  controlling  direct  radiation  or  release 
of  radioactive  effluents  to  the  restricted  area  include  such  features  as 

1.  Operations  plan  parameters  such  as  number  of  workers  present  and 
time  to  complete  tasks. 

2.  Remote-handling  eguipment  used  for  tasks  in  high  radiation  or  high 
freguency  tasks. 

3.  Maintenance  reguirements  of  remote-handling  and  hot-cell  eguipment. 

4.  Barrier  and  shield  thicknesses,  composition,  and  distance  to  workers 
from  the  source. 
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5.  Containment  and  ventilation  system  characteristics  (e.g.,  repository 
and  hot-cell  layout,  differential  pressures  between  areas,  openings, 
air  locks,  and  filters) . 

6.  Radioactive  material  release  point  characteristics  (e.g.,  stack 
height,  diameter,  exit  velocity,  temperature,  and  location  within 
the  restricted  area) . 

In  addition,  as  part  of  the  regulatory  performance  verification  require- 
ments, specific  systems  and  operational  controls  will  be  needed  to  verify 
that  the  repository  design  and  operation  does  maintain  annual  radiation  doses 
to  the  workers  to  less  than  the  regulatory  limits.  Examples  of  the  systems 
that  must  be  provided  include  gaseous  and  liquid  effluent  sampling  and 
measuring  equipment,  area  radiation  and  airborne  monitoring  equipment,  and 
personnel  and  area  dosimetry  equipment.  Design  of  these  systems  will  be 
incorporated  in  the  normal  repository  design  process.   The  information  needed 
for  this  design  evaluation  will  be  the  product  of  the  design  process  and  will 
not  depend  directly  on  the  site  characterization  activities. 

Step  2:  Identification  of  radiation  source  characteristics 

Potential  sources  of  radiation  that  can  contribute  to  worker  exposure  in 
the  restricted  area  can  be  categorized  as  (1)  resulting  from  repository  oper- 
ations or  (2)  miscellaneous  operations.   Examples  of  radiation  sources  re- 
sulting from  repository  operations  are  receipt  of  HLW  shipping  casks,  releas- 
es during  spent  fuel  consolidation,  transport  of  HLW  containers,  direct 
radiation  from  storage  of  disposal  containers,  direct  radiation  from  emplace- 
ment activities,  and  naturally  occurring  radionuclides.   Other  miscellaneous 
operations  that  are  potential  radiation  sources  include  treatment  and  trans- 
portation of  site-generated  low-level  waste  (LLW)  and  gamma  and  neutron 
radiation-producing  equipment  used  in  construction  and  nondestructive 
testing. 

The  specific  information  needed  about  the  potential  source  terms 
includes  the  radionuclides  involved  and  the  quantity  and  concentration,  decay 
radiation  and  energies,  and  physical  and  chemical  forms  of  these  radio- 
nuclides. General  information  needed  about  the  source  terms  for  dose 
evaluation  include 

1.  Planned  repository  operational  details  (e.g.,  scheduled  HLW 
throughput  and  inventories,  LLW  generation  and  transport  rates,  and 
normal  effluent  release  rates) . 

2.  Repository  design  features  (e.g.,  radionuclide  barriers,  normal 
effluent  release  locations,  layout  distances,  containment,  leakage, 
and  filtration  details) . 

3.  Environmental  details  (e.g.,  pathways  for  transport  or  dispersion  of 
radioactive  materials  through  the  air) . 

4.  Natural  radionuclide  sources  (e.g.,  concentrations  in  tuff  and 
ground  water  at  the  repository  location) . 
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Depending  on  the  characteristics  of  the  source  terms,  the  information 
needs  will  be  satisfied  by  the  site  characterization  program  (e.g.,  naturally 
occurring  radionuclides),  the  repository  design  process  (e.g.,  HLW  and  site- 
generated  waste) ,  or  the  environmental  and  socioeconomic  monitoring  programs 
(e.g.,  offsite  installations  and  background  radiation).  Development  of  the 
analytical  tools  needed  to  evaluate  potential  adverse  impacts  of  the  source 
terms  on  worker  safety  will  be  coordinated  with  the  PRAM  program  requirements 
and  recommendations. 

Step  3:  Radionuclide  transport  evaluation 

The  third  element  in  the  worker  radiological  safety  assessment  package 
is  radionuclide  transport  evaluation  following  release  from  containment 
systems  or  repository  facilities  of  radioactive  material  as  a  result  of  nor- 
mal repository  activities.  The  dispersion  of  airborne  radioactive  materials 
can  result  in  radionuclide  concentrations  in  the  air  that  can  cause  an  exter- 
nal dose  by  direct  radiation  or  an  internal  dose  through  inhalation,  or  re- 
sult in  ground  deposition  of  radioactive  material.  The  dominant  pathway  for 
occupational  exposure  to  airborne  radionuclides  is  expected  to  be  from 
radionuclides  entrained  in  repository  airstreams.  Analysis  of  this  pathway 
will  require  data  on  the  radionuclide  source  terms,  air  volumetric  flow 
rates,  air  patterns,  and  location  of  workers  and  length  of  occupancy.  Ana- 
lytical tools  will  be  required  for  determining  direct  radiation  dose  rates  in 
all  areas  of  the  repository,  as  well  as  for  determining  ventilation  leakage 
and  filtration  of  airborne  radionuclides  in  the  repository  airstreams. 

Analytical  tools  in  the  form  of  dispersion  and  pathway  models  also  will 
be  required  to  perform  the  radionuclide  transport  evaluation  for  restricted 
areas  outside  the  facility.  Meteorological  data  (e.g.,  wind  speed,  wind 
direction,  and  atmospheric  stability)  in  the  vicinity  of  the  repository 
buildings,  as  well  as  repository  design  information,  will  be  needed  as  input 
to  the  dispersion  model.  This  information  need  will  be  satisfied  by  Charac- 
terization Program  8.3.1.12  (meteorology). 

Step  4:  Worker  radiation  exposure  calculation 

The  last  step  in  the  analysis  is  the  radiological  exposure  evaluation 
that  quantifies  the  dose  to  the  individual  worker  from  routine  operations  of 
the  repository  and  offsite  installations.  The  quantification  of  radiation 
doses  will  be  performed  by  the  use  of  accepted  analytical  models  and  know- 
ledge of  the  various  design  features  as  input  into  the  models.  Some  design 
features  needed  include 

1.  The  processes  and  activities  necessary  for  the  functioning  of  the 
repository. 

2.  The  layout  and  physical  design  features  (i.e.,  location  of  processes 
and  activities,  wall  thickness  and  material,  personnel  occupied 
areas,  source  location  and  storage,  transport,  and  personnel 
corridors) . 

3.  The  repository  throughput  of  radioactive  materials. 
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4.  The  source  terms  (i.e.,  radionuclides  involved,  low-level  waste 
generated,  material  quantities,  material  form  (solid,  liquid, 
particulate,  or  gaseous) ,  container  parameters,  and  industrial 
sources) . 

5.  Duration  and  frequency  of  tasks. 

6.  The  number  of  workers  involved. 

Accepted  analytical  methods  for  the  calculation  of  personnel  doses  will 
be  selected  or  developed  as  part  of  the  preclosure  safety  assessment  activi- 
ties consistent  with  the  methodology  described  in  this  section.   Computer 
models  will  be  used  to  evaluate  the  potential  of  direct  and  indirect  radia- 
tion doses  to  workers  where  appropriate.  Design-limiting  assumptions  will  be 
specified  for  the  code  input  parameters  (e.g.,  radionuclide  sources).  The 
following  types  of  analytical  tools  will  be  needed: 

1.  Repository  operations  models. 

2.  Building  ventilation,  filtration,  and  leakage  models. 

3.  Radiation  shielding  models. 

4.  Atmospheric  dispersion  models. 

5.  LLW  treatment  and  transportation  radiological  impact  models. 

6.  Radiological  consequences  assessment  models. 

The  information  needed  to  calculate  doses  using  these  analytical  tools 
will  be  provided  as  discussed  in  the  previous  steps.   This  information  will 
be  the  product  of  the  site  characterization  program,  the  socioeconomic  and 
environmental  monitoring  program,  and  the  normal  repository  design  process. 
The  following  list  indicates  some  technical  guidance  documents  that  might  be 
applicable  to  the  development  of  the  analytical  tools.  A  list  of  analytical 
tools  available  for  use  is  contained  in  Section  8.3.5.19  (completed  analyt- 
ical techniques) .  Further  discussions  of  analytical  tools  still  needed  are 
contained  in  Section  8.3.5.20  (techniques  requiring  development). 

1.  Regulatory  Guide  1.169 — Concrete  Radiation  Shields  for  Nuclear  Power 
Plants  (December  1973)  (NRC,  1973) 

2.  Regulatory  Guide  8.19 — Occupational  Radiation  Dose  Assessment  in 
Light -Water-Reactor  Power  Plants-Design  Stage  Man-Rem  Estimates 
(Rev.  1,  July  1979)  (NRC,  1979a) . 

3.  Safety  Series  No.  58 — Concepts  and  Examples  of  Safety  Analyses  for 
Radioactive  Waste  Repositories  in  Continental  Geological  Formations, 
(IAEA,  1983a) . 

4.  Safety  Series  No.  60 — Criteria  for  Underground  Disposal  of  Solid 
Radioactive  Waste  (IAEA,  1983b) . 

5.  Safety  Series  No.  68 — Performance  Assessment  for  Underground 
Radioactive  Waste  Disposal  Systems  (IAEA,  1985) . 

6.  DOE/EV/1830-T5 — A  Guide  to  Reducing  Radiation  Exposures  to  As  Low  As 
Reasonably  Achievable  (ALARA)  (Kathren  et  al.,  1980). 
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7.  DOE  Order  6430.1 — General  Design  Criteria  Manual,  as  applicable 
(December  1983)  (DOE,  1983a) . 
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8.3.5.2  Issue  resolution  strategy  for  Issue  2.4:   Can  the  repository  be 
designed,  constructed,  operated,  closed,  and  decommissioned  so 
that  the  option  of  waste  retrieval  will  be  preserved  as  reguired  by 
10  CFR  60.111? 

This  issue  is  concerned  with  the  ability  to  retrieve  emplaced  waste  as 
reguired  by  10  CFR  60.111(b).  As  a  result  of  this  reguirement,  the  reposi- 
tory must  be  designed,  constructed,  operated,  and  maintained  to  ensure  that 
the  emplaced  waste  can  be  retrieved.   This  leads  to  impacts  on  the  design  of 
the  repository  and  upon  the  duration  of  many  of  the  planned  operations.  As 
will  be  discussed  in  more  detail  later,  numerous  design  decisions  are  based 
to  a  large  degree  on  retrieval-related  considerations;  for  example,  the 
selection  of  the  waste  emplacement  mode,  the  selection  of  materials  for 
rock-support  systems,  and  the  maintenance  reguirements  for  the  ramps,  shafts, 
and  drifts.  Furthermore,  the  operations  directly  related  to  waste  retrieval 
must  be  recognized  as  more  complex  than  the  emplacement  operations,  primarily 
because  of  the  more  difficult  environment  related  to  retrieval  (e.g., 
increased  heat) . 

There  are  three  points  that  should  be  identified  relative  to  the  dis- 
cussion of  retrieval  presented  here.   First  of  all,  this  issue  (Issue  2.4, 
waste  retrievability)  is  a  performance  issue.   The  importance  of  this  issue 
and  the  numerous  design  constraints  created  to  ensure  retrievability  lead  to 
strong  ties  to  the  principal  design  issue  (Issue  4.4,  preclosure  design  and 
technical  feasibility,  Section  8.3.2.5).   Issue  4.4  is  responsible  for  the 
reference  repository  design,  supporting  analyses,  and  demonstrations  reguired 
by  this  and  other  design  or  performance  issues.   This  relationship  between 
design  and  performance  issues  is  shown  in  Figure  8.3.2.1-1  (Section  8.3.2.1). 
Because  the  performance  goals  for  retrieval  are  integrated  in  Issue  4.4  with 
other  related  goals,  the  site  data  needed  to  implement  and  evaluate  the  goals 
are  identified  in  the  discussions  under  Issue  4.4.   Secondly,  the  act  of 
retrieval  is  considered  complete  in  these  discussions  when  the  waste  is 
brought  to  the  surface.   Temporary  waste  storage  at  the  surface  and  off site 
transport  after  retrieval  are  not  addressed  in  the  SCP  because  it  is  unlikely 
that  these  activities  would  reguire  any  site  data  that  are  not  already  being 
reguested.   Finally,  the  decision  to  retrieve  will  be  made  as  a  result  of  the 
performance  confirmation  program  or  by  the  DOE  for  recovery  of  resources. 
The  discussions  of  retrieval  are  therefore  limited  to  activities  intended  to 
maintain  the  retrieval  option  and  to  retrieve  the  waste. 

In  the  discussion  that  follows  in  this  section,  the  regulatory  basis  for 
addressing  waste  retrieval  is  presented,  the  approach  to  resolving  this  issue 
is  described,  and  the  interrelationships  among  the  information  needs  related 
to  retrievability  are  discussed.  The  schedule  information  for  Issue  2.4 
(waste  retrievability)  is  given  in  Section  8.3.5.2.7. 

Regulatory  basis  for  the  issue 

The  regulations  concerning  the  retrieval  of  high-level  radioactive  waste 
from  geologic  repositories  are  contained  in  the  Nuclear  Waste  Policy  Act 
(NWPA,  1983)  and  the  NRC  regulation  10  CFR  Part  60.   The  DOE  reguirement  for 
reasonably  available  technology  is  contained  in  10  CFR  Part  960. 
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The  principal  NWPA  reference  to  retrieval  is  contained  in  Section  122 
(NWPA,  1983) : 

Notwithstanding  any  other  provision  of  this  subtitle,  any  reposi- 
tory constructed  on  a  site  approved  under  this  subtitle  shall  be 
designed  and  constructed  to  permit  the  retrieval  of  any  spent 
nuclear  fuel  placed  in  such  repository,  during  an  appropriate 
period  of  operation  of  the  facility,  for  any  reason  pertaining  to 
the  public  health  and  safety,  or  the  environment,  or  for  the 
purpose  of  permitting  the  recovery  of  the  economically  valuable 
contents  of  such  spent  fuel.   The  Secretary  shall  specify  the 
appropriate  period  of  retrievability  with  respect  to  any  repository 
at  the  time  of  design  of  such  repository,  and  such  aspect  of  such 
repository  shall  be  subject  to  approval  or  disapproval  by  the 
Commission  as  part  of  the  construction  authorization  process  under 
subsections  (b)  through  (d)  of  Section  114. 

The  principal  NRC  reference  to  retrievability  is  in  Section  60.111(b)  of 
10  CFR  Part  60. 

Retrievability  of  Waste.   (1)  The  geologic  repository  operations 
area  shall  be  designed  to  preserve  the  option  of  waste  retrieval 
throughout  the  period  during  which  wastes  are  being  emplaced  and, 
thereafter,  until  the  completion  of  a  performance  confirmation 
program  and  Commission  review  of  the  information  obtained  from  such 
a  program.  To  satisfy  this  objective,  the  geologic  repository 
operations  area  shall  be  designed  so  that  any  or  all  of  the  em- 
placed  waste  could  be  retrieved  on  a  reasonable  schedule  starting 
at  any  time  up  to  50  yr  after  waste  emplacement  operations  are 
initiated,  unless  a  different  time  period  is  approved  or  specified 
by  the  Commission.  This  different  time  period  may  be  established 
on  a  case-by-case  basis  consistent  with  the  emplacement  schedule 
and  planned  performance  confirmation  program.  (2)  This  reguirement 
shall  not  preclude  decisions  by  the  Commission  to  allow  backfilling 
part  or  all,  or  permanent  closure  of,  the  geologic  repository 
operations  area  prior  to  the  end  of  the  period  of  design  for 
retrievability.   (3)  For  purposes  of  this  paragraph,  a  reasonable 
schedule  for  retrieval  is  one  that  would  permit  retrieval  in  about 
the  same  time  as  that  devoted  to  construction  of  the  geologic 
repository  operations  area  and  the  emplacement  of  wastes. 

In  addition,  minor  references  to  retrieval  and  retrievability  are  in- 
cluded in  10  CFR  Part  60,  Sections  21(c)  (12),  46(a)(1),  102(d),  133(c), 
133(e),  and  135(b)(3).   These  sections  address  the  content  reguirements  for 
the  license  application,  design  changes  that  affect  retrievability,  stages  in 
the  licensing  process,  design  criteria  for  the  surface  and  underground 
facilities,  design  criteria  for  underground  openings,  and  design  criteria  for 
waste  packages. 

The  DOE  requirement  for  reasonably  available  technology  is  contained  in 
10  CFR  960.5-l(a) (3) : 

Ease  and  cost  of  siting,  construction,  operation,  and  closure. 
Repository  siting,  construction,  operation,  and  closure  shall  be 
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demonstrated  to  be  technically  feasible  on  the  basis  of  reasonably 
available  fp  -hnology,  and  the  associated  costs  shall  be  demon- 
strated to  L>e  reasonable  relative  to  other  available  and  comparable 
options. 

A  retrieval  requirement  is  presented  in  40  CFR  191.14(f).  However,  in 
the  introductory  text  to  Part  191.14,  the  EPA  authors  clearly  indicate  that 
this  particular  section  does  "not  apply  to  facilities  regulated  by  the 
[Nuclear  Regulatory]  Commission.  (See  10  CFR  Part  60)." 

In  compliance  with  the  regulations,  the  Yucca  Mountain  repository  is 
being  designed  with  the  option  to  initiate  retrieval  of  emplaced  waste  at  any 
time  up  to  50  yr  after  waste  emplacement  operations  are  initiated  and  to  use 
reasonably  available  technology  for  the  retrieval  operations. 

Approach  to  resolving  the  issue 

The  basic  approach  to  resolving  Issue  2.4  (waste  retrievability)  is 
depicted  in  the  logic  diagram  provided  as  Figures  8.3.5.2-la  and  lb.   The 
essence  of  the  logic  for  resolving  retrievability  concerns  is  to 

1.  Evaluate  regulatory  requirements  and  existing  site  data,  designs  and 
analyses  to  determine  what  functions  and  processes  must  be  performed 
to  not  preclude  retrieval. 

2.  Establish  performance  measures  and  goals  (design  criteria)  for  the 
processes  that  contribute  to  performing  those  functions. 

3.  Identify  normal  and  credible  abnormal  conditions  for  retrieval- 
related  operations  and  identify  input  items  needed  from  Issue  4.4 
(preclosure  design  and  technical  feasibility) . 

4.  Identify  and  request  site  parameters  necessary  to  meet  the  goals  of 
related  issues  for  common  system  elements  or  develop  the  reference 
preclosure  repository  design,  operations  plans,  supporting  analyses 
and  demonstrations  requested  to  support  resolution  of  all  related 
issues. 

5.  Conduct  a  compliance  analysis  to  critically  evaluate  whether  the 
appropriate  retrieval  conditions  have  been  considered,  whether  the 
input  items  provided  by  Issue  4.4  are  complete  and  sufficient,  and 
whether  the  performance  goals  are  met. 

Steps  1  and  2  above  represent  the  performance  allocation  process  being 
used  in  the  SCP  to  communicate  the  development  of  preliminary  performance 
measures  and  associated  goals  and  needed  confidence  for  resolving  the  design 
and  performance  issues.   The  remainder  of  this  section  on  the  approach  to 
resolving  this  issue  documents  the  current  preliminary  results  of  the 
performance  allocation  process  for  retrieval.   The  future  work  associated 
with  steps  3  to  5  is  described  in  the  retrieval  information  needs  discussions 
(Sections  8.3.5.2.1  through  8.3.5.2.6  for  this  issue)  or  in  the  discussions 
of  future  work,  for  Issue  4.4  (preclosure  design  and  technical  feasibility). 
These  steps  indicate  an  important  relationship  between  the  retrieval  issue 
and  Issue  4.4.   Figure  8.3.5.2-2  shows  what  the  waste  retrievability  issue 
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Figure  8.3.5.2-la       Logic  diagram  for  Issue  2  4  (waste  retrievability).  See  Figure  8.3.5.2-lb  for  legend.  Section 
8.3.2.1  describes  the  relationships  and  interfaces  between  design  and  performance  issues. 
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Figure  8.3.5.2-lb.      Legend  for  Figure  8.3.5.2-la 
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provides  to  the  repository  design  issue,  as  well  as  what  the  design  issue 
provides  for  use  in  the  retrieval  compliance  analysis.  The  results  or 
products  produced  by  the  repository  design  issue  include  reports  that 
document  the  reference  designs  for  the  repository  and  eguipment  as  well  as 
reports  that  document  operations  plans,  analyses,  and  equipment  demonstra- 
tions. Not  all  of  these  products  (for  example,  muck  haulage  analyses)  are 
needed  to  evaluate  retrieval-related  concerns.   The  products  developed  in 
Issue  4.4  that  are  requested  by  the  retrievability  issue  are  called  "input 
items"  in  the  discussions  on  retrieval  to  distinguish  them  from  products 
(retrieval  conditions,  compliance  analyses,  etc.)  developed  by  the  retrieval 
issue.   Section  8.3.2.1  explains  this  relationship  between  input  items  and 
products  in  more  detail. 

One  concept  considered  throughout  the  retrieval  discussions  is  that  of 
identifying  both  normal  conditions  and  credible  abnormal  conditions  that 
night  be  expected  to  exist  during  retrieval-related  operations.  Normal 
conditions  are  the  state  or  conditions  (temperature,  air  quality,  opening 
stability,  etc.)  expected  to  be  present  most  of  the  time.   The  term,  normal 
conditions,  is  generally  used  to  indicate  conditions  expected  about  90 
percent  of  the  time.   Standard  equipment  and  procedures  would  be  expected  to 
be  used  for  retrieval  operations  when  normal  conditions  exist.   Credible 
abnormal  conditions  are  the  state  or  conditions  expected  to  have  a  reasonable 
potential  for  occurring  infrequently  during  the  life  of  a  repository.   This 
term  is  generally  used  to  identify  those  conditions  that  need  to  be  consid- 
sred  in  developing  contingency  plans  for  related  retrieval  operations.   Such 
operations  may  require  special  equipment  or  procedures  and  may  require  sub- 
stantial time  to  complete. 

The  starting  point  for  the  performance  allocation  process  for  retrieva- 
bility is  consideration  of  the  regulatory  requirements  (discussed  earlier  in 
this  section)  and  an  evaluation  of  the  existing  design,  analyses,  and  site 
data.  Retrieval-related  concerns  are  woven  throughout  numerous  sections  of 
the  current  design  discussions  in  Chapter  6  of  the  SCP  and,  likewise,  in  the 
Site  Characterization  Plan-Conceptual  Design  Report  (SCP-CDR)  (SNL,  1987)  . 
Rather  than  presenting  the  details  of  those  discussions  here,  a  directory  of 
these  discussions  related  to  retrieval  is  provided  in  Table  8.3.5.2-1.   From 
the  directory,  it  is  evident  that  the  subject  of  retrievability  has  received 
consideration  in  numerous  areas,  particularly  in  the  design  requirements,  the 
ventilation  system  evaluation,  operations  planning,  analyses  of  both  thermo- 
mechanical  effects  and  liner  stresses,  and  equipment  design.  Additionally,  a 
specific  evaluation  (Appendix  L  of  the  SCP-CDR;  SNL,  1987)  was  made  to 
determine  the  relative  importance  of  various  items  to  maintaining  the  option 
to  retrieve  the  waste  in  a  timely  manner;  it  is  this  evaluation  that  forms 
the  basis  for  the  preliminary  list  of  potential  abnormal  conditions  that 
might  exist  during  retrieval. 

Using  the  regulatory  requirements  and  the  current  design  and  analyses, 
the  functions  that  must  be  performed  for  retrieval  have  been  identified. 
These  four  functions  are 

1.  Provide  access  to  the  emplacement  boreholes. 

2.  Provide  access  to  the  waste  packages. 

3.  Remove  waste  package  from  the  emplacement  borehole. 

4.  Transport  and  deliver  the  waste  packages  to  the  surface  facilities. 


.3.5.2-7 


DECEMBER  1988 

Table  8.3.5.2-1.  Directory  of  discussions  related  to  retrieval 


Topic 


SCP 

SCP-CDRa 

section 

section 

6.1.1.6.4 

3.0 

6.1.1.7 

2.4.4.3 

6.2.3.2 

3.2.2.  and 

Appendix  J 

6.2.9.1. 

2.4.4.1 

6.2.9.2 

6.3.1  and 

Appendix  J 

6.2.9.3 

Appendix  J 

6.4.8 

8.3.5 

Waste  retrieval  schedule 
Retrievability-related  design  criteria 
Waste  retrieval  and  shipping  operations 


Retrieval  requirements  and  planning- 
basis  time  periods 

Retrieval  conditions 


Equipment  development 

Issue  2.4  waste  retrievability 
(current  status) 

Issue  2.4  waste  retrievability  (issue 
resolution  strategy  and  future  work) 

Retrieval  philosophy 


Drift  ventilation  conditions  for  maintenance 
and  retrieval 

Waste  removal  operations  for  performance 
confirmation 

Retrieval  demonstrations 

Full  repository  retrieval 

Expected  temperature  for  borehole  walls 
and  drifts  after  spent  fuel  emplacement 

Air-cooling  requirements — vertical 

Air-cooling  requirements — horizontal 

Preliminary  liner  stress  analysis 

Ventilation  and  cooling  analyses 

Equipment  for  retrieval 


.3.5 


NA 

NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 


NAb 


2.4.4.2  and 
3.2.1 

3.4.2.2 


4.5.4 

6.3.2 
6.3.3 
Appendix  A 

3.4.2.3 
3.4.3.3 
Appendix  B 
Appendix  C 
Appendix  D 
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Table  8.3.5.2-1.  Directory  of  discussions  related  to  retrieval 

(continued) 


Topic 


SCP 
section 


SCP-CDRa 
section 


An  assessment  of  the  feasibility  of 
disposing  of  nuclear  waste  in  the 
horizontal  configuration 

Waste  retrieval 

Items  important  to  retrievability 
at  the  Yucca  Mountain  Repository 

Thermomechanical  analyses 


NA 


Appendix  E 


NA 

Appendix  J 

NA 

Appendix  L-2 

NA 

Appendix  N 

aSCP-CDR  =  Site  Characterization  Plan-Conceptual  Design  Report  (SNL, 
1987) . 

bNA  =  not  applicable.   Topic  discussed  only  in  SCP-CDR  or  in  SCP. 


These  four  functions  provide  the  organizing  framework  upon  which  the 
retrieval  discussions,  information  needs,  and  plans  for  future  evaluations 
are  based.   Specific  information  that  was  used  in  identifying  the  functions 
are  the  requirements  documents  (DOE,  1986b;  Appendix  P  of  SNL,  1987), 
operations  reports  (Dennis  et  al.,  1984a, b;  Stinebaugh  and  Frostenson,  1986; 
Stinebaugh  et  al.,  1986),  the  Project  report  on  a  strategy  for  retrieval- 
related  compliance  demonstrations  (Flores,  1986) ,  and  the  applicable  portions 
of  10  CFR  Part  60  and  10  CFR  Part  960. 

For  each  of  the  four  functions,  the  system  elements  and  processes  that 
relate  to  performing  the  functions  were  identified.   The  system  elements 
involved  in  the  performance  of  the  general  functions  were  identified  by 

(1)  reviewing  the  requirements  contained  in  the  system  requirements  (SR) 
and  the  subsystems  design  requirements  (SDR)  (SNL,  1987,  Appendix  P)  and 

(2)  analyzing  the  defined  systems  definitions  with  respect  to  the  general 
function  to  be  performed.  A  figure  containing  the  system  elements  defined 
for  the  Yucca  Mountain  Project  is  presented  in  Section  8.2.1.   The  processes 
were  identified  using  the  previously  mentioned  operations  reports  and  the 
Project  report  on  retrieval-related  compliance  demonstration  (Flores,  1986) . 

Next,  the  performance  measures  for  each  of  the  processes  were 
established.  These  measures  were  developed  using  reference  design  informa- 
tion and  engineering  judgment.   Performance  goals  and  levels  of  confidence 
were  defined  for  each  of  the  performance  measures.   In  instances  where  the 
goal  is  quantifiable,  specific  values  are  presented.   For  performance 
measures  that  do  not  require  site  data,  specific  goals  are  not  presented  in 
the  SCP.  These  goals  will  be  presented  in  the  repository  design  plan.   In 
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many  instances  the  goals  are  based  on  specific  details  and  assumptions  in  the 
current  design.   The  goals  may  change  as  the  design  and  design  assumptions 
are  refined.   The  paragraphs  and  tables  that  follow  will  document  the  per- 
formance allocation  process  for  each  of  the  four  functions. 

Function  1:   Provide  access  to  the  emplacement  boreholes 

To  provide  a  safe  and  reliable  access  from  the  surface  facilities  to 
the  emplacement  boreholes,  the  underground  openings  must  be  usable  and  the 
environment  within  them  must  be  acceptable  under  normal  and  credible  abnormal 
conditions.   The  processes,  performance  measures,  and  performance  goals 
(design  criteria)  involved  in  providing  this  ability  are  presented  in  Ta- 
ble 8.3.5.2-2.   The  output  of  this  performance  allocation  process,  shown  in 
the  table,  are  performance  goals  (design  criteria) . 

With  respect  to  access  and  drift  usability,  the  performance  goal  is 
usability  for  a  time  period  of  at  least  84  yr.  As  shown  in  Figure  8.3.5.2-3, 
this  time  period  is  generated  by  adding  the  design-basis  period  of  retriev- 
ability  (50  yr)  and  the  actual  retrieval  period  of  34  yr  (Flores,  1986) .   For 
purposes  of  design,  the  actual  retrieval  period  is  assumed  to  be  the  time  for 
construction  of  the  repository  (6  yr)  and  the  emplacement  of  waste  (28  yr) ,  a 
total  of  34  yr.   This  time  period  is  a  significant  and  potentially  severe 
restriction  that  will  impact  the  design,  construction,  and  operation  of  the 
repository.   For  example,  the  materials  selected  for  the  rock  support  system, 
the  necessity  for  a  continual,  long-term  monitoring  and  maintenance  program 
for  the  underground  openings,  the  timing  for  backfilling  operations,  and  the 
selection  of  an  acceptable  emplacement  mode  (vertical,  short  horizontal,  or 
long  horizontal  boreholes)  are  all  significantly  impacted  by  the  84-yr 
duration  of  potential  activities  (Figure  8.3.5.2-3). 

Subsection  (2)  of  10  CFR  60.111(b)  allows  for  the  use  of  backfill  before 
the  end  of  the  retrievability  period.   Since  the  access  and  drifts  will  be 
designed  to  be  usable  throughout  the  retrievability  period,  the  option  to 
backfill  will  be  maintained  through  decommissioning.   The  Yucca  Mountain 
Project  design  basis  does  not  include  the  use  of  backfill  during  the  period 
of  retrievability;  hence  no  performance  goals  relative  to  retrieval  are 
established  for  backfilling  operations.  Descriptions  of  the  postclosure- 
related  goals  for  backfill  are  provided  in  discussions  related  to  sealing 
(Section  8.3.3.2)  and  to  the  postclosure  design  of  the  repository  (Sec- 
tion 8.3.2.2)  . 

To  ensure  that  the  environment  in  the  nonoperational  areas  (areas  that 
were  closed  off  after  waste  was  emplaced)  would  not  be  so  severe  as  to  cause 
reentry  to  be  impractical,  the  following  goals  were  established  for  the 
nonoperational  areas: 

1.  For  vertical  emplacement,  the  access  drift  wall  temperatures  will 
not  exceed  50°C  for  50  yr  after  waste  emplacement  is  initiated. 

2.  For  horizontal  emplacement,  the  emplacement  drift  wall  temperatures 
will  not  exceed  50°C  for  50  yr  after  waste  emplacement  is  initiated. 

These  goals  are  referred  to  as  the  50/50  goals.   The  50°C  limit  was 
selected  such  that  it  would  not  be  impractical  to  modify  the  environment 
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within  the  drifts  for  unprotected  workers  during  the  50-yr  period  of  retriev- 
ability.   In  addition,  protected  workers  could  reenter  for  inspection  pur- 
poses with  minimal  need  for  environment  modification. 

For  the  working  areas,  the  ventilation  system  must  be  capable  of  main- 
taining the  environment  within  specified  limits  on  a  continuous  basis 
throughout  the  period  of  retrievability  and  the  actual  retrieval  period.  For 
nonoperational  areas  (areas  that  were  closed  off  after  waste  was  emplaced) , 
the  goal  is  for  the  system  to  be  capable  of  providing  a  safe  environment 
within  a  reasonable  period  of  time  selected  to  be  eight  weeks  after 
initiation  of  "cooldown"  activities. 

Function  2:   Provide  access  to  the  waste  packages 

To  provide  a  safe  and  reliable  access  from  the  emplacement  drifts  to  the 
waste  packages,  the  waste  emplacement  envelope  (borehole,  liner,  shield  plug, 
and  shielding  collar)  must  be  designed  to  allow  for  removal  of  emplaced  waste 
under  normal  and  credible  abnormal  conditions.   The  processes,  performance 
measures,  and  performance  goals  (design  criteria)  involved  in  providing  this 
ability  are  presented  in  Table  8.3.5.2-3. 

The  primary  concern  with  respect  to  waste  package  access  is  to  ensure 
that  the  waste  package  does  not  become  lodged  inside  the  emplacement  bore- 
hole. As  a  result,  the  tentative  goals  for  liner  displacement  and  radius  of 
curvature  were  established  and  tentative  goals  for  borehole  rockfall  and 
displacement  were  identified.   For  vertical  emplacement,  the  performance  goal 
for  maximum  deflection  of  the  liner  or  borehole  is  2  in.  (5  cm)  assuming  a 
partially  lined  hole.   For  horizontal  emplacement,  the  goal  is  for  a  maximum 
liner  deflection  of  3  in.  (7.6  cm).   The  larger  allowable  deflection  for 
horizontal  emplacement  is  a  result  of  the  larger  diameter  (hence,  more 
clearance)  of  the  emplacement  boreholes.  To  ensure  that  the  waste  package 
does  not  bind  against  the  liner  for  horizontal  emplacement,  the  radius  of 
curvature  for  the  borehole  and  liner  should  be  110  ft  (33.5  m)  or  greater. 
For  both  emplacement  methods,  the  liner  lifetime  will  be  84  yr  or  greater. 
The  rationale  for  the  84-yr  period  is  provided  under  Function  1. 

The  ability  to  perform  this  function  will  be  one  of  the  significant 
concerns  in  selecting  the  preferable  emplacement  mode.   Particularly 
important  will  be  a  thorough  and  critical  evaluation  of  the  potential  for 
excessive  liner  deflection  in  horizontal  boreholes  as  a  result  of  rockfall, 
seismic  effects  or  excessive  temperatures.   If  such  abnormal  conditions  were 
found  to  be  credible,  relatively  complicated  retrieval  operations  would  be 
required. 

Function  3:   Remove  waste  package  from  the  emplacement  borehole 

To  ensure  that  the  waste  package  can  be  removed  from  the  emplacement 
boreholes,  the  transporter  and  the  waste  package  are  being  designed  to  allow 
for  removal  of  the  emplaced  waste  package  under  normal  and  credible  abnormal 
conditions.  In  the  horizontal  case,  a  dolly  also  is  included  in  the  current 
design  concepts.  The  processes,  performance  measures,  and  performance  goals 
involved  in  providing  this  ability  are  presented  in  Table  8.3.5.2-4. 
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Of  primary  concern  is  the  ability  of  the  host  rock  and  shielding  collar 
to  provide  an  acceptable  level  of  shielding  during  waste  removal.   Conse- 
quently, the  performance  goal  is  to  provide  shielding  such  that  radiation 
dose  levels  to  the  workers  do  not  exceed  the  design  limits  that  are  estab- 
lished in  Issue  2.7  (repository  radiological  design  criteria  (preclosure) , 
Section  8.3.2.3).   Shielding  analyses  and  requirements  for  site  data  are 
addressed  in  Issue  4.4  (preclosure  design  and  technical  feasibility,  Sec- 
tion 8.3.2.5).   The  second  performance  goal  addresses  the  time  allowed  for 
removal  of  a  waste  package  from  an  emplacement  borehole.   For  purposes  of 
initial  design  evaluations,  the  time  allowed  for  the  removal  of  a  waste 
package  (under  normal  conditions)  has  been  selected  to  be  less  than  twice  the 
amount  of  time  that  was  allowed  for  the  emplacement  of  a  waste  package.  The 
rest  of  the  performance  measures  for  function  3  do  not  involve  site  data  not 
already  being  requested.  As  a  result,  the  corresponding  performance  goals 
will  be  addressed  in  the  repository  design  plan  to  be  published  prior  to  the 
advanced  conceptual  design. 

The  ability  to  perform  this  function  for  credible  abnormal  events  could 
be  among  the  most  difficult  repository  operations.   The  operations  are  com- 
plicated by  the  high-temperature,  radioactive  environment,  the  need  to  handle 
containers  some  of  which  may  have  been  emplaced  for  more  than  50  yr,  and  the 
uncertainties  regarding  the  condition  of  the  boreholes  and  waste  containers. 
Hence,  to  think  of  these  operations  as  the  reverse  of  emplacement  would  be  an 
understatement  of  the  potential  operational  difficulties.   Selected  opera- 
tions to  perform  this  function  will  probably  require  proof-of-principle 
demonstrations  in  accordance  with  DOE  policy  (DOE,  1986c) .   In-depth  plans 
will  be  developed  for  these  equipment  demonstrations,  however  designs  and 
further  identification  and  evaluation  of  related  credible  abnormal  conditions 
will  be  developed  before  demonstration  tests  can  be  planned  in  detail. 
Nevertheless,  Section  8.3.5.2.4  describes  the  current  list  of  equipment 
components  that  might  need  to  be  demonstrated. 

Function  4:   Transport  and  deliver  the  waste  packages  to  the  surface 
facilities 

The  transporter  must  be  developed  to  allow  for  transport  of  the  waste 
packages  to  the  surface  and  unloading  at  the  surface.   The  surface  waste 
handling  building  must  be  designed  and  constructed  to  allow  for  unloading  of 
waste.  Transport  and  unloading  must  be  performed  under  normal  and  credible 
abnormal  conditions.  As  discussed  in  the  introduction  to  this  section,  the 
surface  storage  of  retrieved  waste  and  offsite  transport  arc  not  included  in 
the  retrieval  discussions.  The  processes,  performance  measures,  and  perfor- 
mance goals  for  function  4  are  presented  in  Table  8.3.5.2-5.   The  require- 
ments for  access  and  drift  usability  and  for  an  acceptable  environment  are 
included  under  function  1,  access  to  the  boreholes  (Table  8.3.5.2-2). 

Hence,  for  function  4,  it  is  assumed  that  the  accesses  and  drifts  are 
usable  and  that  an  acceptable  environment  exists,  even  if  substantial 
maintenance  had  to  be  performed. 

Numerous  analyses  of  the  performance  and  design  of  the  transporter  will 
be  needed  to  evaluate  its  ability  to  safely  and  reliably  transport  the  waste. 
Evaluations  of  accident  conditions,  reliability,  and  efficiency  will  be  made. 
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Interrelationships  of  information  needs 

The  content  of  Tables  8.3.5.2-2  through  8.3.5.2-5  and  the  accompanying 
text  cover  performance  allocation  steps  in  the  issue  resolution  strategy 
presented  in  Figure  8.3.5.2-1.   The  balance  of  the  steps  in  the  issue 
resolution  strategy  will  be  discussed  in  terms  of  the  following  information 
needs. 


Information 

need  Subject 

2.4.1  Site  and  design  data  required  to  support  retrieval 

(Section  8.3.5.2.1) 

2.4.2  Determination  that  access  to  the  waste  emplacement 

boreholes  can  be  provided  throughout  the  period 
of  retrievability  and  the  actual  retrieval 
period  for  normal  and  credible  abnormal  conditions 
(Section  8.3.5.2.2) 

2.4.3  Determination  that  access  to  the  waste  packages  can 

be  provided  throughout  the  period  of  retriev- 
ability and  the  actual  retrieval  period 
for  normal  and  credible  abnormal  conditions 
(Section  8.3.5.2.3) 

2.4.4  Determination  that  the  waste  can  be  removed  from 

the  emplacement  boreholes  for  normal  and  credible 
abnormal  conditions  (Section  8.3.5.2.4) 

2.4.5  Determination  that  the  waste  can  be  transported  to 

the  surface  and  delivered  to  the  waste-handling 
surface  facilities  for  normal  and  credible 
abnormal  conditions  (Section  8.3.5.2.5) 

2.4.6  Determination  that  the  retrieval  requirements  set 

forth  in  10  CFR  60.111(b)  are  met  using  reasonably 
available  technology  (Section  8.3.5.2.6) 

There  is  a  direct  relationship  between  the  logic  shown  in  Fig- 
ure 8.3.5.2-1  for  the  resolution  of  the  waste  retrievability  issue  and  its 
information  needs  because  the  information  needs  were  derived  from  the  work 
that  must  be  performed  to  ensure  that  the  requirements  for  retrievability  are 
met.  The  information  needs  can  be  categorized  as  follows: 

1.  The  first  information  need  is  a  summary  of  the  information  that  will 
be  communicated  to  Issue  4.4.  This  communication  is  shown  in  Fig- 
ure 8.3.5.2-1  in  the  box  labeled  "transmit  performance  goals  (design 
criteria),  retrieval  conditions,  and  requests  for  input  items  to 
Issue  4.4." 
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2.  The  next  four  information  needs  correspond  directly  to  the  four 
retrieval  functions  and  address  what  needs  to  be  done  to  ensure  that 
the  option  to  retrieve  is  maintained.   These  information  needs  are 
responsible  for  the  development  of  performance  goals  (design 
criteria) ,  retrieval  conditions,  and  reguests  for  input  items  as 
shown  in  Figure  8.3.5.2-1. 

3.  The  last  information  need  ties  the  other  information  needs  together 
and  addresses  the  global  reguirements  for  retrieval  to  be  completed 
on  a  "reasonable  schedule"  and  for  the  use  of  "reasonably  available 
technology."  This  work  involves  performing  the  compliance  analysis 
indicated  in  Figure  8.3.5.2-1. 

As  shown  in  Figure  8.3.5.2-1,  the  logic  for  resolution  of  this  issue 
involves  an  iterative  process.  As  the  repository  and  eguipment  designs  are 
refined,  work  will  be  performed  under  this  issue  in  the  following  areas: 

1.  The  performance  goals  (design  criteria),  retrieval  conditions,  and 
input  item  reguirements  will  be  refined. 

2.  The  strategy  and  planning  documents  will  be  refined. 

3.  Compliance  analyses  will  be  performed  to  verify  that  the  design 
meets  all  of  the  reguirements  for  retrievability . 


8.3.5.2.1  Information  Need  2.4.1:   Site  and  design  data  reguired  to  support 
retrieval 

Technical  basis  for  addressing  the  information  need 

Issue  2.4  reguires  that  compliance  with  the  retrievability  reguirements 
be  demonstrated  using  reasonably  available  technology.   Information 
Need  2.4.1  reguires  that  site  and  design  data  (input  items)  needed  by  this 
issue  be  identified.  This  identification  is  necessary  to  ensure  the  proper 
data  are  acguired  during  site  characterization  and  to  ensure  all  reguired 
design  products  developed  by  Issue  4.4  are  provided  to  this  issue.   In 
addition,  the  design  criteria  (performance  goals)  and  retrieval  conditions 
established  under  this  issue  are  communicated  to  Issue  4.4,  preclosure  design 
and  technical  feasibility,  to  ensure  sufficient  consideration  for  retrieval 
in  the  design  process. 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Chapter  6  presents  the  current  design,  and  the  status  of  this  issue  is 
summarized  in  Section  6.4.8.   Retrieval-related  performance  goals  (design 
criteria)  that  were  considered  in  the  development  of  the  current  design  are 
presented  in  Section  6.1.1.7.  The  status  on  the  development  of  retrieval 
conditions  is  presented  in  Section  6.4.8.2.2. 
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Parameters 

Because  the  retrieval-related  design,  support  analyses  and  equipment 
tests  and  demonstrations  are  performed  under  Issue  4.4,  site  data  needed  to 
support  these  analyses  and  tests  are  specified  by  Issue  4.4.  Requirements 
for  products  from  Issue  4.4  are  presented  in  the  form  of  requests  for  input 
items.  The  current  list  of  input  items  requested  by  this  issue  is  shown  in 
Table  8.3.5.2-6.  More  detailed  information  relative  to  the  content  of  the 
input  items  is  provided  in  later  sections  that  discuss  Information 
Needs  2.4.2  through  2.4.6  (Sections  8.3.5.2.2  through  8.3.5.2.6,  respec- 
tively) .  The  performance  goals  (design  criteria)  and  retrieval  conditions 
are  presented  in  Tables  8.3.5.2-7  and  8.3.5.2-8,  respectively.   Generation  of 
the  actual  performance  goals  was  discussed  in  step  2  of  the  performance 
allocation  process  presented  in  the  approach  to  resolving  the  issue  section 
for  this  issue.  Any  refinement  or  updating  of  these  performance  goals  will 
be  addressed  in  design  requirements  documents  in  support  of  each  phase  of  the 
repository  design  and  will  be  reported  in  SCP  progress  reports. 

As  part  of  the  resolution  of  this  waste  retrievability  issue,  Infor- 
mation Need  2.4.1  identifies  the  input  items  (products  of  Issue  4.4,  pre- 
closure  design  and  feasibility)  that  are  needed  to  evaluate  whether  per- 
formance goals  of  this  issue  are  met  and,  in  turn,  to  ensure  compliance  with 
the  retrievability  requirements.   In  addition,  Information  Need  2.4.1 
facilitates  the  communication  between  this  issue  and  Issue  4.4  (see  Fig- 
ure 8.3.5.2-2)  by  transmitting  the  performance  goals  (design  criteria)  and 
retrieval  conditions,  generated  by  Issue  2.4,  to  Issue  4.4,  and  by  requesting 
the  input  items  from  Issue  4.4.   (Information  Need  2.4.1  also  receives  the 
design  products  from  Issue  4.4  and  distributes  them,  as  input  items,  to 
Information  Needs  2.4.2  through  2.4.6  for  use  in  performing  the  compliance 
analysis. ) 


8.3.5.2.1.1  Application  of  results 

As  shown  in  Figure  8.3.5.2-2,  results  or  products  of  this  information 
need  are  performance  goals,  retrieval  conditions,  and  calls  for  input  items 
that  are  transmitted  to  Issue  4.4. 
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Table  8.3.5.2-6.  Retrieval-related  input  items  (to  be  provided  by 

Issue  4.4) 


Information 

need  Input  item 


2.4.2  Drift  and  access  design  and  supporting  evidence 

Rock  support  system  design  and  supporting  analyses 

Monitoring  system  (rock  movement)  and  support  analyses 

Drift  and  access  maintenance  program  concepts  and 
supporting  evidence 

Ventilation  system  design  and  supporting  analyses 
(for  retrieval  operations) 

Basis  for  ensuring  air  quality  in  operational  areas 
and  evaluating  air  quality  in  nonoperational  areas 

2.4.3  Waste  emplacement  envelope  design  and  supporting  analyses 
Waste  emplacement  envelope  assessment 

Corrective  actions  (waste  emplacement  envelope) 

2.4.4  Waste  package  removal  system  design  and  supporting  analyses 

Concepts  for  borehole  preparation  for  waste  removal 
and  supporting  evidence 

Demonstrations  of  borehole  preparation  for  waste 
removal  and  supporting  evidence 

2.4.5  Transporter  design  concepts  and  supporting  analyses 

Unloading  equipment  design  (surface  facility)  and 
supporting  analyses 

Demonstrations  for  waste  transport 

Demonstrations  for  waste  unloading  at  the  surface 
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Table  8.3.5.2-6.   Retrieval-related  input  items  (to  be  provided  by 

Issue  4.4)  (continued) 


Information 

need  Input  item 


2.4.6       Reference  operations  plans 

Basis  for  establishing  the  use  of  reasonably  available 
technology  for  retrieval-related  equipment 

Reference  design  and  supporting  analyses 
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Table  8.3.5.2-7.  Retrieval-related  design  or  performance  goals 

(design  criteria) 


Information 

need  Design  or  performance  goal 

2.4.2  The  access  and  drifts  will  remain  usable  for  at  least  84  yr 

The  average  amount  of  spall  in  the  drifts  will  be  less  than 
3  tons  per  1,000  ft  of  drift  per  year 

The  rock  displacement  in  the  drifts  will  be  less  than  6  in. 

The  monitoring  system  will  detect  rock  displacements  within 
the  drifts  that  exceed  1  in. 

The  frequency  of  maintenance  within  the  underground 
openings  will  be  greater  than  5  yr 

For  the  vertical  emplacement  concept,  the  temperature 
within  the  access  drifts  will  not  exceed  50°C  for 
50  yr  after  waste  emplacement 

For  the  horizontal  emplacement  concept,  the  temperature 
within  the  emplacement  drifts  will  not  exceed  50 °C  for 
50  yr  after  waste  emplacement 

For  operational  areas,  all  applicable  air  quality  standards 
will  be  met 

The  time  required  to  modify  the  environment  within  closed 
drifts  for  unprotected  workers  will  not  exceed  8  wk 

2.4.3  Rockfall  within  the  emplacement  boreholes  will  average  less 

than  250  lb  per  foot  of  borehole 

Displacement  of  the  borehole  wall  will  be  less  than  2  in. 

The  liner  lifetime  will  be  at  least  84  yr 

The  maximum  liner  deflection  is  2  in.  (5  cm)  for  the 
vertical  emplacement  concept  and  3  in.  (7.6  cm)  for  the 
horizontal  concept 

For  the  horizontal  emplacement  concept,  the  minimum 
radius  of  curvature  for  the  liner  is  110  ft  (33.5  m) 
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Table  8.3.5.2-7.   Retrieval-related  design  or  performance  goals 
(design  criteria)  (continued) 


Information 

need  Design  or  performance  goal 


2.4.4  The  time  required  per  container  for  waste  removal  will  not 

exceed  twice  the  amount  of  time  required  for  emplacement 
of  a  waste  container 

Worker  dose  rate  during  removal  operations  will  not  exceed 
the  allowable  rate  established  in  Issue  2.7,  repository 
radiological  design  criteria  (preclosure) 

The  ability  to  perform  borehole  preparation  tasks  will  be 
demonstrated 

The  ability  to  remove  the  waste  containers  under  normal  and 
credible  abnormal  conditions  will  be  demonstrated 

2.4.5  None  related  to  site  characterization 

2.4.6  The  design  basis  for  the  actual  retrieval  period  is  34  yr 

The  ability  to  perform  the  retrieval  operations  using 
reasonably  available  technology  is  required 
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Table  8.3.5.2-8.   Potential  abnormal  conditions  for  retrieval 


Information 

need  Potential  abnormal  condition 


2.4.2  Rockfall  within  the  ramp  due  to  a  seismic  event,  faulting, 

variability  in  rock  strength,  a  maintenance  error,  or 
corrosion-induced  rockbolt  failure 

Rockfall  within  a  drift  due  to  faulting,  variability  in 
rock  strength,  a  maintenance  error,  corrosion-induced 
rockbolt  failure,  or  human  error  resulting  in  excessive 
thermal  loading 

Rockfall  within  a  shaft  due  to  faulting  or  variability  in 
rock  strength 

A  ventilation  system  malfunction  due  to  a  seismic  event,  an 
equipment  fabrication  error,  or  a  maintenance  error 

Loss  of  offsite  power  due  to  a  seismic  event 

2.4.3  Rockfall  in  the  emplacement  borehole  (vertical  only)  due  to 

a  seismic  event,  faulting,  variability  in  rock  strength, 
or  excessive  thermal  loading  resulting  from  human  error 

Axial  movement  of  the  waste  container  (horizontal  only)  due 
to  a  seismic  event 

Waste  container  tilt  (vertical  only)  due  to  a  seismic  event 

Shield  plug  jam  due  to  a  seismic  event,  or  a  fabrication 
error 

Excessive  liner  deflection  (horizontal  only)  due  to 
faulting,  a  fabrication  error,  or  excessive  corrosion 
resulting  from  radiolysis 

A  collar  malfunction  due  to  a  fabrication  or  maintenance 
error 

An  auxiliary  equipment  malfunction  due  to  a  fabrication  or 
maintenance  error 

2.4.4  A  cask-collar  bind  due  to  a  seismic  event 

A  dolly  failure  during  removal  (horizontal  only)  due  to  a 
fabrication  error  or  excessive  corrosion  resulting  from 
radiolysis 


8.3.5.2-29 


DECEMBER  1988 

Table  8.3.5.2-8 


Potential  abnormal  conditions  for  retrieval 
(continued) 


Information 
need 


Potential  abnormal  condition 


A  waste  container  pintle  failure  (vertical  only)  due  to 
excessive  corrosion  resulting  from  radiolysis 

A  malfunction  of  the  transporter  removal  equipment  due  to  a 
maintenance  error 

Unspecified  failures  due  to  operator  error  including  errors 
during  alignment  and  waste  removal 

2.4.5       A  transporter  malfunction  during  transport  or  unloading  due 
to  a  maintenance  error 

A  transporter  collision  with  the  ramp,  a  drift,  auxiliary 
equipment,  or  another  transporter  due  to  human  error 

Unspecified  malfunctions  due  to  operator  error,  including 
errors  during  alignment  and  waste  unloading  operations 


8.3.5.2.2  Information  Need  2.4.2:  Determination  that  access  to  the  waste 
emplacement  boreholes  can  be  provided  throughout  the  retrieva- 
bility  period  for  normal  and  credible  abnormal  conditions 

This  section  describes  the  work  that  will  be  performed  under  Information 
Need  2.4.2  to  ensure  safe  and  reliable  access  to  the  emplacement  boreholes 
throughout  the  period  of  retrievability  and  the  actual  retrieval  period. 
Ensuring  safe  and  reliable  access  to  the  emplacement  boreholes  consists  of 
providing  usable  openings  and  providing  an  acceptable  working  environment  for 
waste  retrieval  under  both  normal  and  credible  abnormal  conditions.  Access 
to  the  emplacement  boreholes  is  function  1  of  the  four  functions  discussed 
for  this  issue  in  the  introductory  material  to  this  section. 

The  work  performed  under  Information  Need  2.4.2  focuses  on  (1)  develop- 
ing performance  goals  (design  criteria)  for  retrieval-related  aspects  of  the 
overall  repository  design  to  be  developed  under  Issue  4.4;  (2)  defining  the 
spectrum  of  retrieval  conditions  to  be  considered  in  the  overall  design; 
(3)  identifying  requirements  for  products  from  Issue  4.4  to  be  used  as  input 
items  for  subsequent  compliance  analyses;  and  (4)  performing  compliance 
analyses  to  ensure  that  the  performance  goals  for  function  1,  access  to  the 
emplacement  boreholes,  are  met. 
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Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

For  Information  Need  2.4.2,  links  to  the  technical  data  chapters  fall 
into  three  categories:   rock  mechanics,  ventilation  systems,  and  retrieval 
conditions.   The  current  drift  designs  are  presented  in  Sections  6.2.6.1 
through  6.2.6.3.   Ground  support  systems  for  the  drifts  are  discussed  in 
Section  6.2.6.3.6.  Ventilation  system  designs  are  presented  in  Sec- 
tion 6.2.6.5,  and  retrieval  conditions  are  discussed  in  Section  6.4.8.2.2. 
Geomechanical  and  ventilation  system  analyses  are  presented  in  Sec- 
tion 6.4.10.2.6. 

There  are  numerous  links  to  sections  in  the  Site  Characterization  Plan- 
Conceptual  Design  Report  (SCP-CDR)  (SNL,  1987) :   Geomechanical  discussions 
are  contained  in  Appendix  N  of  the  SCP-CDR.  Ventilation  discussions  are 
contained  in  Sections  3.4.2.2  (maintenance  and  retrieval),  3.4.2.3  (air 
cooling — vertical  emplacement,  and  3.4.3.3  air  cooling — horizontal  emplace- 
ment) and  in  Appendix  C  (ventilation  and  cooling  analyses) .   Retrieval 
conditions  are  addressed  in  Section  6.3.1  and  Appendices  A  (temperature), 
J  (normal  and  abnormal) ,  and  L  (items  important  to  retrievability) . 

Parameters 

As  noted  earlier,  site  data  needs  are  specified  by  Issue  4.4.   However, 
this  information  need  requires  numerous  input  items  (i.e.,  products  from 
Issue  4.4)  for  use  in  analyses  to  ensure  that  the  performance  goals  defined 
for  this  function  are  met.   These  input  items  and  the  required  content  are 
presented  in  Table  8.3.5.2-9. 

The  normal  retrieval  conditions  are  being  developed  in  terms  of  opening 
stability  (rockfall  and  distortion),  rock  temperature,  and  air  quality 
(temperature,  humidity,  and  contaminant  levels) .  Work  completed  during  con- 
ceptual design  on  quantification  of  these  conditions  is  contained  in  Sec- 
tions 6.4.8.2.2  and  6.4.10.6.2.   The  current  set  of  abnormal  conditions  was 
developed  during  the  study  of  items  important  to  retrieval  (SNL,  1987,  Appen- 
dix L) .   The  list  of  potential  abnormal  conditions  for  Information  Need  2.4.2 
is  presented  in  Table  8.3.5.2-7  in  Section  8.3.5.2.1.  As  a  result  of  the 
study  of  items  important  to  retrieval,  a  ventilation  system  malfunction  as  a 
result  of  a  seismic  event  or  a  maintenance  error  was  considered  to  be  the 
only  abnormal  condition  that  could  result  in  a  significant  delay  in  com- 
pleting retrieval  operations.  A  significant  delay  was  considered  to  be  a 
delay  of  six  months  or  more. 

Logic 

Information  Need  2.4.2  uses  the  results  of  the  performance  allocation 
process  for  function  1  (Table  8.3.5.2-2)  as  a  starting  point  and  continues 
the  issue  resolution  process  as  shown  in  Figure  8.3.5.2-1.   Performance  goals 
are  taken  from  step  five  in  Table  8.3.5.2-2  and  used  as  design  criteria. 
Requirements  for  input  items  are  developed  to  ensure  that  sufficient  detail 
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and  supporting  evidence  are  available  for  the  compliance  analyses  to  verify 
that  the  performance  goals  are  met.   Retrieval  conditions  are  developed  using 
existing  design  information  to  ensure  that  a  complete  set  of  retrieval  sce- 
narios are  considered  in  the  design  process.   The  performance  goals  (design 
criteria) ,  reguests  for  input  items,  and  retrieval  conditions  are  then  sent 
to  Issue  4.4,  via  Information  Need  2.4.1,  for  use  in  developing  designs, 
specifying  supporting  analyses,  and  for  defining  tests  and  demonstrations 
that  are  reguired.   Specific  work  to  be  performed  by  Issue  4.4  for  this 
information  need  includes 

1.  Developing  drift  designs  using  the  thermomechanical  analyses, 
G-Tunnel  comparisons,  and  ESF  tests. 

2.  Developing  rock  support  systems  based  on  analytic  models,  experience 
gained  at  G-Tunnel,  and  ESF  tests. 

3.  Developing  scenarios  to  evaluate  the  performance  of  the  rock  support 
systems  under  both  normal  and  credible  abnormal  conditions  and  per- 
forming any  tests  or  demonstrations  needed. 

4.  Developing  a  maintenance  program  for  drifts  and  accesses  based  on 
G-Tunnel  experience,  ESF  tests,  and  experience  during  construction, 
operation,  and  caretaker  phases.   This  includes  developing  con- 
tingency plans  for  installation  of  additional  support  system 
materials,  if  needed. 

5 .  Developing  monitoring  systems  to  detect  rock  movement . 

6.  Developing  a  ventilation  system  design  based  on  analytical  models, 
G-Tunnel  experience,  and  ESF  tests.   This  development  considers 
continuous  ventilation  reguirements  for  operational  areas  and 
cooldown  reguirements  for  closed  emplacement  drifts. 

7.  Developing  scenarios  to  evaluate  the  performance  of  the  ventilation 
system  under  both  normal  and  credible  abnormal  conditions  and  per- 
forming any  tests  or  demonstrations  that  are  needed. 

8.  Developing  monitoring  systems  to  verify  air  guality  in  operational 
areas  and  to  evaluate  the  conditions  within  closed  drifts  before 
reentry. 

The  stability  of  mined  openings  is  of  particular  concern.   Evaluations 
of  the  thermal  and  mechanical  effects  on  the  stability  of  shafts,  ramps, 
drifts,  and  boreholes  have  been  the  focus  of  about  15  reports  or  studies 
synopsized  in  SCP-CDR  Section  8.3.7  (SNL,  1987).  Rather  than  repeating  the 
synopses  here,  the  reader  is  referred  to  the  SCP-CDR  for  details.  These 
analyses  have  used  a  variety  of  numerical  and  empirical  approaches:   finite- 
element  methods,  boundary-element  methods,  and  tunnel-indexing  methods. 
Similarly,  different  constitutive  models  were  employed:  elastic, 
ubiguitous- joint,  compliant- joint,  and  elastic-plastic  models.  Other  items 
that  have  been  varied  in  some  of  the  analyses  include  opening  sizes  and 
shapes,  depths,  thermal  and  mechanical  properties,  fracture  properties,  and 
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in  situ  conditions.   The  common  conclusions  drawn  from  the  approaches  used  to 
date  are 

1.  Drifts,  shafts,  and  ramps,  as  currently  designed,  are  predicted  to 
remain  stable  during  preclosure. 

2.  Waste  emplacement  boreholes  are  predicted  to  remain  stable  during 
preclosure,  although  some  potential  exists  for  negligible  amounts  of 
rock  to  fall  on  the  liner  planned  for  use  in  horizontal  emplacement 
holes. 

3.  Excavation-induced  responses  of  openings  in  the  Topopah  Spring  tuff 
should  be  expected  to  be  similar  to  those  in  the  Grouse  Canyon  tuff 
in  G-Tunnel. 

Further  studies  are  planned  during  the  advanced  conceptual  design  phase 
to  evaluate  retrieval  under  potential  abnormal  conditions  like  those  listed 
in  Table  8.3.5.2-8  in  the  technical  basis  section  for  Information  Need  2.4.1 
(Section  8.3.5.2.1)  . 

The  results  of  this  work  in  the  form  of  input  item  responses  are  ob- 
tained from  Issue  4.4.  A  compliance  analysis  to  evaluate  whether  the  design 
actually  provides  for  the  ability  to  access  the  emplacement  boreholes  as 
required  is  then  performed  under  Information  Need  2.4.2.  As  shown  in  Fig- 
ure 8.3.5.2-1,  this  compliance  analysis  evaluates  the  completeness  and  suf- 
ficiency of  the  responses  to  the  input  items  and  the  retrieval  conditions  and 
determines  whether  the  performance  goals  have  been  met.   For  function  1,  this 
involves  evaluating  the  drift  designs,  rock  support  system  and  monitoring 
system  (rock  movement)  designs,  the  maintenance  program,  and  all  the  support- 
ing evidence  (results  from  analyses,  G-Tunnel  comparisons,  ESF  tests,  and 
scenario  development)  to  verify  that  usable  openings  will  be  available  for 
84  yr.   In  addition,  the  compliance  analysis  involves  evaluating  the 
ventilation  system  design,  air  quality  monitoring  system  design,  and  all  of 
the  supporting  evidence  (results  from  ventilation  system  analyses,  G-Tunnel 
tests,  ESF  tests,  and  scenario  development)  to  verify  that  an  acceptable 
environment  can  be  established  within  the  drifts.  Negative  responses  to  the 
three  tests  for  the  compliance  analysis  can  be  followed  in  Figure  8.3.5.2-1. 
They  involve  modification  of  input  items,  performance  goals,  or  the  design. 
If  modification  is  not  possible,  a  noncompliance  exists  for  the  design.   If 
the  results  of  all  three  tests  are  positive,  then,  relative  to  function  1 
(access  to  the  boreholes),  compliance  exists  for  the  design.   The  results  of 
the  compliance  analysis  for  function  1  are  sent  to  Information  Need  2.4.6  to 
be  combined  with  the  results  from  the  other  information  needs  for  publication 
as  a  topical  report. 


8.3.5.2.2.1  Application  of  results 

The  performance  goals,  input  items,  and  retrieval  conditions  developed 
under  this  information  need  are  sent  to  Information  Need  2.4.1  for  communi- 
cation with  Issue  4.4.  The  results  of  the  compliance  analysis  will  be  sent 
to  Information  Need  2.4.6  to  be  combined  with  the  results  from  Information 


3.5.2-35 


DECEMBER  1988 

Needs  2.4.3,  2.4.4,  and  2.4.5  for  the  development  of  the  compliance  analysis 
for  this  issue. 


8.3.5.2.3  Information  Need  2.4.3:  Determination  that  access  to  the  waste 

packages  can  be  provided  throughout  the  retrievability  period  for 
normal  and  credible  abnormal  conditions 

This  discussion  describes  the  work  that  will  be  performed  under  this 
information  need  to  ensure  safe  and  reliable  access  to  the  emplaced  waste 
package  (function  2).  As  indicated  in  Table  8.3.5.2-3  the  design  of  the 
emplacement  envelope  (borehole,  liner,  shield  plug,  and  collar)  is  of  primary 
concern  relative  to  providing  access  to  the  waste  packages  for  both  normal 
and  credible  abnormal  conditions . 

The  work  performed  here,  similar  to  the  previous  information  need, 
focuses  on  (1)  developing  performance  goals  (design  criteria)  for  equipment 
and  operations  related  to  the  maintenance  of  access  to  the  emplaced  waste, 
(2)  defining  retrieval  conditions  for  the  emplacement  envelope,  (3)  identi- 
fying requirements  for  products  from  Issue  4.4  to  be  used  as  input  items  for 
subsequent  compliance  analysis,  and  (4)  performing  a  compliance  analysis  to 
ensure  that  the  performance  goals  for  function  2,  access  to  the  waste 
packages,  are  met. 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  emplacement  envelope  layouts  are  discussed  in  Sections  6.2.6.2  and 
6.2.6.3  for  the  vertical  and  horizontal  configurations,  respectively.  Opera- 
tions are  discussed  in  Section  6.2.3.2.   Geomechanical  analyses  for  the 
emplacement  borehole  are  presented  in  Section  6.4.10.2.6,  and  retrieval 
conditions  are  discussed  in  Section  6.4.8.2.2. 

There  are  numerous  links  to  sections  in  the  SCP-CDR  (SNL,  1987) :   Geo- 
mechanical discussions  are  contained  in  Appendix  N.   Equipment  discussions 
are  contained  in  Section  3.2.2.2  (operations)  and  Appendices  B  (liner  stress 
analysis),  D  (equipment  descriptions),  and  J  (retrieval  operations).   Re- 
trieval conditions  are  addressed  in  Section  6.3.1  and  Appendices  A  (borehole 
temperatures) ,  J  (normal  and  abnormal) ,  and  L  (items  important  to  retriev- 
ability) . 

Parameters 

This  information  need  requires  three  input  items  from  Issue  4.4  for  use 
in  analyses  to  ensure  that  the  performance  goals  defined  for  function  2, 
access  to  the  emplaced  waste,  are  met.  These  required  input  items  are 
presented  in  Table  8.3.5.2-10. 

The  normal  retrieval  conditions  are  being  developed  in  terms  of  borehole 
stability  (rockfall  and  distortion) ,  borehole  rock  temperature,  radiation 
levels,  and  condition  of  the  liner.  Work  completed  to  quantify  these  con- 
ditions is  described  in  Sections  6.4.8.2.2.  The  current  set  of  abnormal 
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conditions  was  developed  during  the  study  of  items  important  to  retrieval 
(Appendix  L  of  SNL,  1987) .  The  list  of  potential  abnormal  conditions  for 
Information  Need  2.4.3  is  presented  in  Table  8.3.5.2-7  in  Section  8.3.5.2.1. 
As  a  result  of  the  study  of  items  important  to  retrieval,  three  conditions 
were  identified  that  could  result  in  a  significant  delay  in  completing 
retrieval  operations: 

1.  In  the  vertical  configuration,  rockfall  into  the  borehole  could 
occur  as  a  result  of  a  seismic  event. 

2.  In  the  vertical  configuration,  a  waste  container  misalignment  or 
"tilt"  in  the  borehole  could  result  from  a  seismic  event. 

3.  Shield  plugs  could  jam  as  the  result  of  a  seismic  event. 

Logic 

Information  Need  2.4.3  uses  the  results  of  the  performance  allocation 
process  for  function  2  (see  Table  8.3.5.2-3)  as  a  starting  point  and  con- 
tinues the  issue  resolution  process  as  shown  in  Figure  8.3.5.2-1.   Perform- 
ance goals  are  taken  from  Table  8.3.5.2-3  and  used  as  design  criteria.   Input 
item  requirements  are  developed  to  ensure  that  sufficient  detail  and  sup- 
porting evidence  are  available  for  the  compliance  analysis.   Retrieval 
conditions  are  developed  using  existing  design  information  to  ensure  that  a 
complete  set  of  retrieval  scenarios  is  considered  in  the  design  process. 
Specific  work  to  be  performed  by  Issue  4.4  for  this  information  need  includes 

1.  Developing  borehole  designs  using  thermomechanical  analyses, 
G-Tunnel  comparisons,  and  exploratory  shaft  facility  (ESF)  tests. 

2.  Designing  the  liner  based  on  analytic  models,  experience  in  the 
mining  industry,  and  corrosion  test  results. 

3.  Designing  the  shield  plug  based  on  analytic  models  and  experience  in 
the  nuclear  industry. 

4.  Designing  the  shielding  closure  based  on  analytic  models  and 
experience  in  the  nuclear  industry. 

5.  Developing  scenarios  to  estimate  the  performance  of  the  emplacement 
envelope  under  both  normal  and  credible  abnormal  conditions  and 
performing  any  tests  or  demonstrations  needed.   It  is  anticipated 
that  proof-of-principle  demonstrations  may  be  required  for  some  of 
the  equipment  related  to  retrieval  under  abnormal  conditions.   The 
reader  is  referred  to  Section  3.2.2  and  Appendix  J  in  the  SCP-CDR 
(SNL,  1987) . 

6.  Developing  the  equipment  required  to  verify  the  condition  of  the 
waste  emplacement  envelope  before  waste  removal. 

7.  Developing  the  equipment  and  operations  to  perform  corrective 
actions  that  may  be  required  to  restore  acceptable  access  to  the 
waste  packages. 
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The  conditions  within  the  emplacement  boreholes  can  be  characterized  in 
terms  of  the  following  parameters:   rock  temperature,  condition  of  the 
opening,  radiation  levels,  and  condition  of  the  borehole  liner. 

1.  The  predicted  temperature  histories  for  the  emplacement  boreholes 
for  the  vertical  and  horizontal  emplacement  concepts  are  discussed 
in  the  SCP-CDR,  Appendix  J  (SNL,  1987) .  As  shown  in  that  section, 
the  temperature  remains  above  100 °C  throughout  the  retrievability 
period;  therefore,  a  dry  environment  in  the  emplacement  borehole  is 
anticipated. 

2.  For  the  vertical  emplacement  concept,  the  borehole  is  expected  to  be 
stable  with  negligible  amounts  of  rockfall  into  the  emplacement 
borehole  under  normal  conditions.   For  the  horizontal  concept,  minor 
rockfall  against  the  liner  is  anticipated.   In  addition,  as  noted 
previously,  a  dry  environment,  as  a  result  of  high  temperatures,  is 
expected. 

3.  At  the  time  of  emplacement,  the  waste  container  surface  radiation 
levels  for  spent  fuel  (pressurized  water  reactor)  are  estimated  at 
1  x  105  rem/h  for  gamma  and  1  x  102  mrem/h  for  neutron  radiation 
(O'Brien,  1985) .   These  surface  radiation  levels  are  used  as  the 
worst-case  levels  for  shielding  design. 

4.  Under  normal  conditions,  the  liner  will  be  intact  and  provide 
acceptable  access  to  the  emplaced  waste  containers  throughout  the 
design-basis  84-yr  retrievability  period. 

Further  studies  are  planned  during  the  advanced  conceptual  design  phase 
to  evaluate  retrieval  under  credible  abnormal  conditions  like  those  listed  in 
Table  8.3.5.2-8  in  Section  8.3.5.2.1. 

Issue  4.4  returns  the  results  of  this  work  in  the  form  of  input  item 
responses.   Information  Need  2.4.3  performs  a  compliance  analysis  to  evaluate 
whether  the  design  actually  provides  for  the  ability  to  access  the  emplace- 
ment boreholes  as  reguired.  As  shown  in  Figure  8.3.5.2-1,  this  compliance 
analysis  evaluates  the  completeness  and  sufficiency  of  the  responses  to  the 
input  items  and  the  retrieval  conditions  and  determines  whether  the  perform- 
ance goals  have  been  met.   For  function  2,  this  involves  evaluating  the 
emplacement  envelope  design  (borehole,  liner,  shield  plug,  and  shielding 
collar) ,  the  concepts  for  the  assessment  of  the  condition  of  the  waste 
emplacement  envelope,  the  eguipment  design  and  operations  for  performing 
corrective  action,  and  supporting  evidence  (analyses,  G-Tunnel  comparisons 
and  tests,  experience  in  the  mining  and  nuclear  industries,  ESF  tests, 
corrosion  tests,  demonstrations,  and  scenarios) .  The  results  of  the  com- 
pliance analysis  for  function  2  are  sent  to  Information  Need  2.4.6  to  be 
combined  with  the  results  from  the  other  information  needs. 


8.3.5.2.3.1  Application  of  results 

The  performance  goals,  input  item  reguests,  and  retrieval  conditions 
developed  under  this  information  need  are  sent  to  Issue  4.4.  The  results  of 
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the  compliance  analysis  for  function  2  will  be  sent  to  Information  Need  2.4.6 
to  be  combined  with  the  results  of  other  retrieval-related  information  needs 
as  part  of  the  development  of  the  compliance  analysis  for  Issue  2.4. 


8.3.5.2.4   Information  Need  2.4.4:  Determination  that  the  waste  can  be 

removed  from  the  emplacement  boreholes  for  normal  and  credible 
abnormal  conditions 

The  discussion  under  this  information  need  describes  the  work  that  will 
be  performed  to  ensure  that  the  ability  to  remove  the  emplaced  waste  from  the 
emplacement  boreholes  is  maintained  (function  3) .  Design  of  the  waste 
package  and  the  transporter  waste  removal  equipment  is  of  primary  concern 
relative  to  providing  the  ability  to  remove  the  emplaced  waste  for  both 
normal  and  credible  abnormal  conditions. 

The  work  performed  under  Information  Need  2.4.4  focuses  on  the  four 
steps:  (1)  developing  performance  goals,  (2)  defining  retrieval  conditions 
for  the  waste  removal  operations,  (3)  identifying  input  items  and  their 
needed  content,  and  (4)  performing  a  compliance  analysis  to  ensure  that  the 
performance  goals  are  met. 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Links  to  the  conceptual  designs  of  the  repository  and  waste  package 
(Chapters  6  and  7,  respectively)  include  three  categories:   removal  equipment 
design  and  supporting  analyses,  waste  package  design  and  supporting  analyses, 
and  retrieval  conditions.   Equipment  design  is  discussed  in  Sections  6.2.6.2 
(vertical  emplacement  mode),  6.2.6.3  (horizontal  emplacement  mode),  and 
6.2.9.3  (equipment  development).  Operations  are  discussed  in  Sec- 
tion 6.2.3.2.  The  current  waste  package  designs  and  supporting  analyses  are 
presented  in  Sections  7.3  and  7.4.   Retrieval  conditions  are  discussed  in 
Section  6.4.8.2.2. 

Sections  in  the  SCP-CDR  (SNL,  1987)  contain  discussions  related  to  waste 
removal  from  the  boreholes.   Equipment  discussions  are  contained  in  Sec- 
tion 3.2.2.2  (operations)  and  Appendices  B  (liner  stress  analysis),  D  (equip- 
ment descriptions) ,  and  J  (retrieval  operations) .  Waste  package  discussions 
are  contained  in  Section  2.1  (basis).   Retrieval  conditions  are  addressed  in 
Section  6.3.1  and  Appendices  A  (temperature),  J  (normal  and  abnormal),  and 
L  (items  important  to  retrievability) . 

Parameters 

This  information  need  requires  three  input  items  from  Issue  4.4  to 
ensure  that  the  performance  goals  defined  for  function  3  (waste  removal)  are 
met.  These  required  input  items  are  presented  in  Table  8.3.5.2-11. 

Normal  retrieval  conditions  are  being  identified  for  the  waste  removal 
equipment  and  waste  packages.  Work  completed  to  quantify  the  conditions  is 
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described  in  Section  6.4.8.2.2.   The  current  set  of  credible  abnormal  con- 
ditions was  developed  during  the  study  of  items  important  to  retrieval 
(Appendix  L  of  SNL,  1987) .   The  list  of  potential  abnormal  conditions  for 
Information  Need  2.4.4  is  presented  in  Table  8.3.5.2-8  in  Section  8.3.5.2.1. 
As  a  result  of  the  items  important  to  retrieval  study,  no  conditions  were 
identified  that  could  result  in  a  significant  delay  in  completing  retrieval 
operations . 

Logic 

Information  Need  2.4.4  uses  the  results  of  the  performance  allocation 
process  for  function  3  (Table  8.3.5.2-4)  as  a  starting  point  and  continues 
the  issue  resolution  process  as  shown  in  Figure  8.3.5.2-1.   Performance  goals 
are  taken  from  Table  8.3.5.2-4  and  used  as  design  criteria.   Input  item 
requirements  are  developed  to  ensure  that  sufficient  detail  and  supporting 
evidence  are  available  for  the  compliance  analysis.   Retrieval  conditions  are 
developed  using  existing  design  information  to  ensure  that  a  complete  set  of 
retrieval  scenarios  are  considered  in  the  design  process.   Specific  work  to 
be  performed  by  Issue  4.4  for  this  information  need  includes 

1.  Designing  the  transporter  waste  removal  equipment  based  on  analytic 
models,  scale  models,  component  testing,  and  full  scale  tests  (if 
required) . 

2.  Specifying  the  design  of  the  waste  package  interface  with  retrieval 
equipment  based  on  analytic  models,  experience  in  the  nuclear 
industry,  and  extensive  testing. 

3.  Developing  scenarios  to  estimate  the  performance  of  the  waste 
removal  equipment  and  the  waste  package  under  both  normal  and 
abnormal  conditions  and  performing  any  tests  or  demonstrations 
needed.   It  is  anticipated  that  proof-of-principle  and  prototype 
demonstrations  may  be  required  for  some  of  the  removal  equipment. 
(The  reader  is  referred  to  Section  3.2.2  and  Appendix  J  of  the 
SCP-CDR  (SNL,  1987)  for  details  of  the  scenarios  and  equipment 
considered  to  date.) 

4.  Developing  the  equipment  required  to  verify  the  condition  of  the 
waste  package  before  waste  removal. 

5.  Developing  the  equipment  and  operations  to  perform  corrective 
actions  that  may  be  required  to  remove  the  waste  package  under 
credible  abnormal  conditions. 

The  DOE  is  evaluating  the  need  for  demonstration  of  selected  equipment. 
The  need  for  testing  certain  equipment  was  evaluated  as  part  of  the 
conceptual  design  and  will  be  further  evaluated  as  part  of  subsequent  design 
stages. 

Results  of  this  work  will  be  returned  from  Issue  4 . 4  in  the  form  of 
input  item  responses.   Information  Need  2.4.4  performs  a  compliance  analysis 
to  evaluate  whether  the  design  actually  provides  for  the  ability  to  remove 
the  emplaced  waste  as  required.  As  shown  in  Figure  8.3.5.2-1,  this  compli- 
ance analysis  evaluates  the  completeness  and  sufficiency  of  the  responses  to 
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the  input  items  and  the  retrieval  conditions  and  determines  whether  the 
performance  goals  have  been  met.   For  function  3,  this  involves  evaluating 
the  transporter  waste  removal  equipment  design,  the  waste  package  design,  the 
dolly  design  (horizontal  only) ,  the  concepts  for  verifying  the  condition  of 
the  waste  package  and  dolly  (horizontal  only) ,  the  equipment  design  and 
operations  for  performing  corrective  actions,  and  all  supporting  evidence 
(results  from  tests  and  analyses,  experience  in  industry,  scenarios,  and 
demonstrations) .   The  results  of  this  compliance  analysis  for  function  3  are 
sent  to  Information  Need  2.4.6  to  be  combined  with  the  results  of  the  other 
information  needs. 


8.3.5.2.4.1  Application  of  results 

The  performance  goals,  input  item  requests,  and  retrieval  conditions 
developed  under  this  information  need  are  sent  to  Issue  4.4.  The  results  of 
the  compliance  analysis  for  function  3  will  be  sent  to  Information  Need  2.4.6 
to  be  combined  with  the  results  of  Information  Needs  2.4.2,  2.4.3,  and  2.4.5 
for  the  development  of  the  compliance  analysis  for  Issue  2.4. 


8.3.5.2.5  Information  Need  2.4.5:   Determination  that  the  waste  can  be 

transported  to  the  surface  and  delivered  to  the  waste-handling 
surface  facilities  for  normal  and  abnormal  conditions 

This  section  describes  the  work  that  will  be  performed  under  this 
information  need  to  ensure  that  the  ability  to  transport  the  retrieved  waste 
and  unload  it  at  the  surface  waste-handling  building  is  maintained  (function 
4) .   The  design  of  the  transporter  and  the  surface  unloading  equipment  is  of 
primary  concern  relative  to  providing  the  ability  to  transport  and  unload  the 
retrieved  waste  for  both  normal  and  credible  abnormal  conditions. 

The  work  performed  under  this  information  need  focuses  on  the  familiar 
four  steps:   (1)  developing  performance  goals  (design  criteria)  for  the 
equipment  and  operations  associated  with  waste  transport  and  unloading, 
(2)  defining  retrieval  conditions  for  the  waste  transport  and  unloading 
operations,  (3)  identifying  requirements  for  input  items,  and  (4)  performing 
a  compliance  analysis  to  ensure  that  the  performance  goals  for  function  4  are 
met . 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

For  Information  Need  2.4.5,  the  links  fall  into  these  categories: 
transporter  design  and  supporting  analyses,  unloading  equipment  (surface 
facility  waste-handling  building)  design  and  supporting  analyses,  and 
retrieval  conditions.   The  transporter  is  discussed  in  Sections  6.2.6.2 
(vertical  emplacement  mode),  6.2.6.3  (horizontal  emplacement  mode),  and 
6.2.9.3  (equipment  development).   Operations  including  those  for  retrieval 
are  discussed  in  Section  6.2.3.2.   Operations  for  the  waste-handling  building 


8.3.5.2-43 


DECEMBER  1988 

are  presented  in  Section  6.2.4.  Retrieval  conditions  are  discussed  in 
Section  6.4.8.2.2. 

There  are  links  to  similar  sections  in  the  SCP-CDR  (SNL,  1987)  : 
Equipment  discussions  are  contained  in  Section  3.2.2.2  (operations)  and 
Appendices  D  (equipment  descriptions)  and  J  (retrieval  operations) .  The 
surface  facility  waste  handling  is  discussed  in  Sections  3.1  (operations)  and 
4.2  (design).   Retrieval  conditions  are  addressed  in  Section  6.3.1  and 
Appendices  J  (normal  and  abnormal  conditions)  and  L  (items  important  to 
retrievability) . 

Parameters 

This  information  need  requires  four  input  items  from  Issue  4.4  to  ensure 
that  the  performance  goals  defined  for  function  3  (waste  removal)  are  met. 
These  required  input  items  are  presented  in  Table  8.3.5.2-12. 

Normal  retrieval  conditions  are  being  identified  for  the  transporter  and 
the  unloading  equipment.  Work  completed  during  conceptual  design  on  quanti- 
fication of  these  conditions  is  contained  in  Section  6.4.8.2.2.   The  current 
set  of  credible  abnormal  conditions  was  developed  during  the  study  of  items 
important  to  retrieval  (Appendix  L  of  SNL,  1987) .   The  list  of  potential  ab- 
normal conditions  for  Information  Need  2.4.5  is  presented  in  Table  8.3.5.2-8 
in  Section  8.3.5.2.1.  As  a  result  of  the  items  important  to  retrieval  study, 
one  condition  was  identified  that  could  result  in  a  significant  delay  in 
completing  retrieval  operations.   This  abnormal  condition  involved  a 
transporter  collision  with  the  ramp  wall  as  the  result  of  an  operator  error. 

Logic 

As  noted  previously,  Information  Need  2.4.5  was  derived  from  function  4, 
transport  and  unload  the  waste  at  the  surface.  Information  Need  2.4.5  uses 
the  results  of  the  performance  allocation  process  for  function  4  (Ta- 
ble 8.3.5.2-5)  as  a  starting  point  and  continues  the  issue  resolution  process 
as  shown  in  Figure  8.3.5.2-1.  Performance  goals  are  taken  from  Ta- 
ble 8.3.5.2-5  and  used  as  design  criteria.   Input  item  requirements  are 
developed  to  ensure  that  sufficient  detail  and  supporting  evidence  are  avail- 
able for  the  compliance  analysis.   Retrieval  conditions  are  developed  using 
existing  design  information  to  ensure  that  a  complete  set  of  retrieval  sce- 
narios are  consid-ered  in  the  design  process.   Specific  work  to  be  performed 
by  Issue  4.4  for  this  information  need  includes 

1.  Designing  the  transporter  based  on  analytic  models,  existing 
equipment,  scale  models,  component  testing,  and  full-scale  tests 
(if  required) . 

2.  Designing  the  surface  unloading  equipment  based  on  analytic  models, 
experience  in  the  nuclear  industry,  component  testing,  and  scale 
models  (if  required) . 

3.  Developing  scenarios  to  estimate  the  performance  of  the  transporter 
and  unloading  equipment  under  both  normal  and  credible  abnormal 
conditions  and  performing  any  tests  or  demonstrations  that  are 
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needed.   It  is  anticipated  that  proof-of-principle  and  prototype 
demonstrations  may  be  required  for  the  transporter  and  unloading 
equipment.   The  reader  is  referred  to  Section  3.2.2  and  Appendix  J 
of  the  SCP-CDR  (SNL,  1987)  for  additional  information. 

Issue  4.4  returns  the  results  of  this  work  in  the  form  of  input  item 
responses.   Information  Need  2.4.5  performs  a  compliance  analysis  to  evaluate 
whether  the  design  actually  provides  for  the  ability  to  transport  and  unload 
the  waste  as  required.  As  shown  in  Figure  8.3.5.2-1,  this  compliance  analy- 
sis evaluates  the  completeness  and  sufficiency  of  the  responses  to  the  input 
items  and  the  retrieval  conditions  and  determines  whether  the  performance 
goals  have  been  met.  For  function  4,  this  involves  evaluating  the  trans- 
porter design,  the  design  of  the  unloading  equipment  at  the  surface,  and  all 
supporting  evidence  (results  from  tests,  analyses,  and  demonstrations,  exper- 
ience in  the  nuclear  and  mining  industries,  and  results  from  scenario  devel- 
opment) .  The  results  of  this  compliance  analysis  are  sent  to  Information 
Need  2.4.6  to  be  combined  with  the  results  from  the  other  information  needs. 


8.3.5.2.5.1  Application  of  results 

The  performance  goals,  input  item  requests,  and  retrieval  conditions 
developed  under  this  information  need  are  sent  to  Issue  4.4.   The  results  of 
the  compliance  analysis  for  function  4  will  be  sent  to  Information  Need  2.4.6 
to  be  combined  with  the  results  of  the  compliance  analyses  performed  under 
the  other  retrieval-related  information  needs. 


8.3.5.2.6  Information  Need  2.4.6:  Determination  that  the  retrieval 
requirements  set  forth  in  10  CFR  60.111(b)  are  met  using 
reasonably  available  technology 

The  discussion  under  this  information  need  describes  the  work  that  will 
be  performed  to  ensure  that  the  requirements  for  retrievability  contained  in 
10  CFR  60.111(b)  and  that  the  requirement  for  the  use  of  reasonably  available 
technology  imposed  by  10  CFR  960.5-1  (a)  (3)  will  be  met. 

The  work  performed  under  Information  Need  2.4.6  focuses  on  (1)  develop- 
ing performance  goals  (design  criteria) ,  (2)  identifying  requirements  for 
input  items,  and  (3)  performing  a  compliance  analysis  to  ensure  that  the 
performance  goals  for  retrievability  shown  in  Table  8.3.5.2-7  are  met. 

Technical  basis  for  addressing  the  information  need 

As  shown  in  Figure  8.3.5.2-1,  there  are  four  functions  that  must  be 
performed  in  order  to  retrieve  emplaced  waste.   Information  Need  2.4.6 
combines  the  results  from  the  other  information  needs  under  this  issue,  and 
verifies  the  ability  to  retrieve  any  or  all  of  the  emplaced  waste  is 
maintained  throughout  the  period  of  retrievability.   In  addition,  Information 
Need  2.4.6  imposes  two  additional  requirements:   (1)  that  the  repository 
design  allows  for  retrieval  to  be  performed  on  a  reasonable  schedule  and 
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(2)  that  the  repository  design  includes  the  use  of  technology  that  will  be 
reasonable  at  the  time  of  repository  construction. 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

For  Information  Need  2.4.6,  the  links  fall  into  the  following  two 
categories:  retrieval  schedule  and  use  of  reasonably  available  technology. 
The  design  basis  retrieval  schedule  is  discussed  in  Sections  6.1.1.6.4  and 
6.2.9.1.  The  use  of  reasonably  available  technology  is  discussed  in  Sec- 
tion 6.4.10.   In  the  SCP-CDR  (SNL,  1987),  time  lines  for  retrieval  and  the 
time  conseguences  of  abnormal  conditions  are  included  in  Appendix  L-2  (items 
important  to  retrievability) . 

Parameters 

This  information  need  reguires  three  input  items  from  Issue  4.4  to 
ensure  that  the  performance  goals  for  Information  Need  2.4.6  are  met.   These 
reguired  input  items  are  presented  in  Table  8.3.5.2-13. 

The  performance  goals  (design  criteria)  developed  for  this  information 
need  are  located  in  Table  8.3.5.2-8  in  Section  8.3.5.2.1.   These  goals  were 
developed  as  a  result  of  the  reguirements  for  retrieval  to  be  completed  on  a 
reasonable  schedule  and  for  the  use  of  reasonably  available  technology. 

Logic 

The  work  to  be  accomplished  under  Information  Need  2.4.6  is  aimed  at 
verifying  that  all  of  the  retrievability  reguirements  set  forth  in 
10  CFR  60.111(b)  are  met  using  reasonably  available  technology.  To  accom- 
plish this,  it  must  be  established  that  the  repository  design 

1.  Includes  the  option  to  retrieve  any  or  all  of  the  emplaced  waste 
throughout  the  period  of  retrievability. 

2.  Allows  for  the  completion  of  retrieval  of  any  or  all  of  the  emplaced 
waste  on  a  reasonable  schedule. 

3.  Incorporates  the  use  of  reasonably  available  technology. 

Ensuring  that  the  option  to  retrieve  waste  is  preserved  involves 
verifying  that  the  four  retrieval  functions  can  be  performed.   Information 
Needs  2.4.2  through  2.4.5  correspond  to  retrieval  functions  1  through  4, 
respectively.   Each  of  these  information  needs  will  complete  a  compliance 
analysis  relative  to  a  retrieval  function  and  will  forward  the  results  to 
Information  Need  2.4.6. 

To  ensure  that  the  reguirements  for  a  reasonable  schedule  and  reasonably 
available  technology  are  met,  Information  Need  2.4.6  (1)  develops  performance 
goals  (design  criteria)  to  ensure  that  the  design  considers  these  reguire- 
ments, (2)  develops  input  item  reguirements  to  ensure  that  sufficient  detail 
and  supporting  evidence  are  available  to  verify  compliance,  a  (3)  performs  a 
compliance  analysis  to  verify  that  the  design  meets  the  performance  goals. 
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The  performance  goals  (design  criteria)  and  requests  for  input  items  are 
sent  to  Issue  4.4  for  use  in  developing  the  design,  specifying  supporting 
analyses,  and  defining  tests  and  demonstrations  that  are  required.   Specific 
work  to  be  performed  by  Issue  4.4  for  this  information  need  includes 

1.  Developing  a  reference  design  and  performing  required  supporting 
analyses. 

2.  Developing  a  reference  operations  plan. 

3.  Performing  the  activities  necessary  to  prove  the  design  is  based  on 
reasonably  available  technology. 

Issue  4.4  returns  the  results  of  this  work  in  the  form  of  input  item 
responses.   Information  Need  2.4.6  performs  a  compliance  analysis  to  evaluate 
whether  the  design  actually  provides  for  the  ability  to  retrieve  on  a 
reasonable  schedule  and  uses  reasonably  available  technology.  As  shown  in 
Figure  8.3.5.2-1,  this  compliance  analysis  evaluates  the  completeness  and 
sufficiency  of  the  retrieval  conditions  and  the  responses  to  the  input  items 
and  determines  whether  the  performance  goals  have  been  met.   Specifically, 
Information  Need  2.4.6  evaluates  the  complete  design  package  relative  to  the 
ability  to  perform  retrieval  in  a  reasonable  period  of  time  and  with  the  use 
of  reasonably  available  technology.   Negative  responses  to  the  three  tests  in 
the  compliance  analysis  can  be  followed  in  Figure  8.3.5.2-1.  They  involve 
modification  of  input  items,  performance  goals,  or  the  design.   If  modifi- 
cation is  not  possible,  a  noncompliance  exists  for  the  design.   If  the 
results  of  all  three  tests  are  positive,  then,  relative  to  the  reasonable 
schedule  and  reasonably  available  technology  requirements,  compliance  exists 
for  the  design. 

The  results  of  the  compliance  analysis  conducted  under  Information 
Need  2.4.6  are  combined  with  the  compliance  analyses  conducted  under  Informa- 
tion Needs  2.4.2  through  2.4.5  to  create  a  compliance  analysis  for  Issue  2.4, 
waste  retrievability .  The  objective  of  this  compliance  analysis  is  to  demon- 
strate that  all  of  the  performance  goals  relative  to  preserving  the  option  of 
waste  retrieval  as  set  forth  in  10  CFR  Part  60.111(b)  using  reasonably  avail- 
able technology  are  met,  and  that  Issue  2.4,  waste  retrievability,  is  re- 
solved. 


8.3.5.2.6.1  Application  of  results 

The  performance  goals  and  input  item  requests  developed  under  this 
information  need  are  sent  to  Issue  4.4.   The  results  of  the  compliance 
analysis  are  combined  with  the  results  of  Information  Needs  2.4.2,  2.4.3, 
2.4.4,  and  2.4.5  for  the  development  of  the  compliance  analysis  for  Is- 
sue 2.4,  waste  retrievability. 
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8.3.5.2.7  Schedule  for  waste  retrievability  (Issue  2.4)  (waste 
retrievability) 

Issue  2.4  (waste  retrievability)  includes  six  information  needs.   Sched- 
ule information  for  Information  Needs  2.4.1  and  2.4.6,  which  address  site  and 
design  data  needed  for  retrieval  and  retrieval  requirements,  respectively,  is 
summarized  in  Figure  8.3.5.2-4.   This  figure  includes  the  information  need 
number  and  a  brief  description,  as  well  as  major  events  associated  with  each 
information  need.  A  major  event,  for  purposes  of  these  schedules,  may  repre- 
sent the  initiation  or  completion  of  any  activity,  completion  or  submittal  of 
a  report  to  the  DOE,  an  important  data  feed,  or  a  decision  point.   Solid 
lines  on  the  schedule  represent  activity  durations  and  dashed  lines  show 
interfaces  among  information  needs  as  well  as  data  transferred  into  or  out 
of  this  performance  assessment  issue.  The  events  shown  on  the  schedule  and 
their  planned  dates  of  completion  are  provided  in  Table  8.3.5.2-14. 

The  information  need-level  schedules,  in  combination  with  information 
provided  in  the  logic  diagrams  for  this  issue  (Figures  8.3.5.1a  and  lb),  are 
intended  to  provide  the  reader  with  a  basic  understanding  of  the  relation- 
ships between  major  elements  of  the  site,  performance,  and  design  programs. 
The  information  provided  in  Table  8.3.5.2-14  and  Figure  8.3.5.2-4,  however, 
should  be  viewed  as  a  snapshot  in  time. 

The  overall  program  schedule  presented  here  is  consistent  with  the 
Draft  Mission  Plan  Amendment  (DOE,  1988a) .   The  site  characterization  program 
will  undergo  a  series  of  refinements  following  issuance  of  the  statutory  SCP. 
Refinements  will  consider  factors  both  internal  and  external  to  the  site 
characterization  program,  such  as  changes  to  the  quality  assurance  program. 
Such  refinements  are  to  be  considered  in  ongoing  planning  efforts,  and 
changes  that  are  implemented  will  be  reflected  in  the  semiannual  progress 
reports.   Summary  schedule  information  for  this  and  other  preclosure  perform- 
ance assessment  issues  can  be  found  in  Sections  8.5.2.1  and  8.5.6. 
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8.3.5.3  Issue  resolution  strategy  for  Issue  2.1:   During  repository 

operation,  closure,  and  decommissioning  (a)  will  the  expected 
average  radiation  dose  received  by  members  of  the  public  within  any 
highly  populated  area  be  less  than  a  small  fraction  of  the  allowable 
limits  and  (b)  will  the  expected  radiation  dose  received  by  any 
member  of  the  public  in  an  unrestricted  area  be  less  than  the 
allowable  limits  as  reguired  by  10  CFR  60.111,  40  CFR  191  Subpart  A, 
and  10  CFR  Part  20? 

This  issue  is  concerned  with  the  radiation  exposure  to  the  general  pub- 
lic from  the  normal  operation,  closure,  and  decommissioning  of  the  repos- 
itory.  The  issue  is  divided  into  two  parts:   (a)  the  exposure  to  members  of 
the  public  in  a  highly  populated  area  (a  highly  populated  area  is  defined  in 
10  CFR  960.2)  and  (b)  the  maximum  exposure  to  any  member  of  the  public.   The 
lower  radiation  dose  limit  stated  in  part  (a)  is  intended  to  limit  the  total 
population  dose  (man-rem  exposure) .  To  address  part  (a)  of  this  issue,  the 
locations  of  the  highly  populated  areas  must  be  determined  in  relation  to  the 
repository  site.   To  address  part  (b)  of  this  issue,  the  dose  to  individuals 
in  the  vicinity  of  the  site  must  be  evaluated.   The  assessment  of  the  poten- 
tial doses  will  allow  an  evaluation  of  the  impact  of  the  operation,  closure, 
and  decommissioning  of  the  repository  on  the  surrounding  population.   The 
assessments  will  be  conducted  periodically  (i.e.,  at  each  design  phase) 
throughout  the  design  of  the  repository  to  provide  feedback  to  the  design 
process.  A  monitoring  program  will  provide  verification  of  the  results  of 
the  analyses.  Note  that  the  as  low  as  reasonably  achievable  (ALARA)  cri- 
terion (10  CFR  20.1)  will  be  applied  in  designing  the  repository  to  minimize 
the  potential  radiation  dose  to  the  public.   The  DOE  is  presently  evaluating 
how  the  limits  in  40  CFR  Part  191  relate  to  the  ALARA  criterion.  Any  deci- 
sions will  be  incorporated  into  the  issues  resolution  strategy  for  this 
issue . 

The  relationship  of  this  issue  with  the  other  issues  of  the  issues  hier- 
archy is  shown  on  an  overall  scale  in  Figure  8.3.2.1-1  (Section  8.3.2.1), 
which  illustrates  the  relationship  between  design  and  performance  issues  and 
fixes  the  lines  of  communication  between  these  issues.   To  emphasize  the 
relationship  of  this  issue  to  the  other  issues  with  which  it  has  direct  or 
very  strong  ties,  only  Issues  2.1  (this  issue),  2.2  (Section  8.3.5.4),  2.3 
(Section  8.3.5.5),  2.7  (Section  8.3.2.3),  and  4.4  (Section  8.3.2.5)  are 
illustrated  in  Figure  8.3.5.3-1.   The  figure  defines  the  ties  between  these 
issues  by  indicating  the  major  information  items  passed  between  them.   The 
figure  also  illustrates  the  connection  of  all  these  issues  with  the  site 
characterization  program.   The  methods  to  perform  preclosure  safety  analyses 
are  also  discussed  in  Section  8.3.5.1.   The  scope  of  an  issue  is  indicated  by 
its  size  with  respect  to  the  other  issues  in  the  figure.  Note  that  Issue  4.4 
is  the  largest  in  scope,  and  the  other  issues,  including  this  issue,  branch 
out  from  Issue  4.4,  reducing  the  scope  to  more  specific  areas.   In  the  dis- 
cussion that  follows  in  this  section,  the  regulatory  basis  for  addressing 
this  issue  is  presented,  the  approach  to  resolving  this  issue  is  described, 
and  the  interrelationships  among  the  information  needs  are  discussed.   The 
schedule  information  for  Issue  2.1  (public  radiological  exposures — normal 
conditions)  is  given  in  Section  8.3.5.3.1. 
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Regulatory  basis  for  the  issue 

As  stated  in  this  issue,  the  allowable  exposure  limits  are  those  speci- 
fied in  10  CFR  60.111,  40  CFR  Part  191  Subpart  A,  and  10  CFR  Part  20.   In 
fact,  10  CFR  60.111  only  requires  conformance  with  10  CFR  Part  20  and  "such 
generally  applicable  environmental  standards  for  radioactivity  as  may  have 
been  established  by  the  Environmental  Protection  Agency"  (i.e.,  40  CFR 
Part  191  Subpart  A).   10  CFR  60.111  does  not  impose  any  additional  require- 
ments; therefore,  the  only  regulatory  requirements  directly  applicable  to 
this  issue  are  those  in  10  CFR  Part  20  and  40  CFR  Part  191  Subpart  A: 

1.  10  CFR  20.105,  Permissible  levels  of  radiation  in  unrestricted 
areas. 

2.  10  CFR  20.106,  Radioactivity  in  effluents  to  unrestricted  areas. 

3.  40  CFR  191.03,  Standards.   This  section  contains  limits  on  radiation 
doses  to  members  of  the  public. 

The  objective  of  10  CFR  20.105  and  20.106  is  to  limit  the  radiation  dose 
that  members  of  the  public  in  unrestricted  areas  may  receive  to  less  than 
0.5  rem  per  year  to  the  whole  body  and  other  limits  specified  for  particular 
organs.   In  addition,  10  CFR  20.1(c)  requires  that  the  exposures  be  main- 
tained as  low  as  reasonably  achievable  (ALARA) .   The  DOE  is  currently  eval- 
uating how  the  limits  in  40  CFR  Part  191  relate  to  the  ALARA  criterion. 

40  CFR  191.03(a)  requires  that  "management  and  storage  of  spent  nuclear 
fuel  or  high-level  or  transuranic  radioactive  wastes  at  all  facilities  regu- 
lated by  the  Commission  or  by  Agreement  States  shall  be  conducted  in  such  a 
manner  as  to  provide  reasonable  assurance  that  the  combined  annual  dose 
equivalent  to  any  member  of  the  public  in  the  general  environment  resulting 
from:   (1)  Discharges  of  radioactive  material  and  direct  radiation  from  such 
management  and  storage  and  (2)  all  operations  covered  by  Part  190;  shall  not 
exceed  25  millirems  to  the  whole  body,  75  millirems  to  the  thyroid,  and  25 
millirems  to  any  other  critical  organ." 

In  addition,  there  are  other  sections  of  10  CFR  Part  60  that  require 

compliance  with  10  CFR  60.111  and  10  CFR  Part  20;  these  sections,  however,  do 
not  contain  any  additional  exposure  limits  relevant  to  the  issue.   They 
include  the  following: 

1.  10  CFR  60.131,  General  design  criteria  for  the  geologic  repository 
operations  area. 

2.  10  CFR  60.132,  Additional  design  criteria  for  surface  facilities  in 
the  geologic  repository  operations  area. 

3.  10  CFR  60.133,  Additional  design  criteria  for  the  underground 
facility. 

Section  8.3.2.3  contains  a  detailed  discussion  of  the  design  criteria  in 
10  CFR  60.131  through  60.133.   In  addition,  it  is  Office  of  Civilian 
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Radioactive  Waste  Management  (OCRWM)  policy  that  DOE  Orders  will  be  followed 
where  they  do  not  conflict  with  NRC  requirements. 

Approach  to  resolving  this  issue 

Licensing  strategy  overview 

Part  (a)  of  this  issue  (will  the  expected  average  radiation  dose 
received  by  members  of  the  public  within  any  highly  populated  area  be  less 
than  a  small  fraction  of  the  allowable  limits)  is  not  a  requirement  of  the 
NRC  or  EPA,  but  is  a  qualifying  condition  on  population  density  and  distribu- 
tion in  10  CFR  960.5-2-1 (a) (1).   As  such,  information  and  results  used  in 
resolution  of  part  (a)  of  Issue  2.1  will  also  be  applicable  to  the  resolution 
of  the  corresponding  part  of  Issue  2.5  (Section  8.3.5.6),  which  deals  with 
the  higher  level  findings  of  10  CFR  960.5.   This  part  can  be  analyzed  on  the 
basis  of  repository  design  and  operational  controls,  identification  of  popu- 
lation density  and  distribution,  location  of  members  of  the  public  in  the 
unrestricted  area,  and  calculation  of  radiation  doses  to  individuals  and 
population  groups  from  the  repository  and  other  sources.   The  part  of  this 
issue  that  deals  with  population  distribution  and  location  of  members  of  the 
public  is  the  subject  of  the  Population  Density  Program  8.3.1.10.   The  re- 
mainder of  part  (a)  of  Issue  2.1  deals  with  repository  design  and  assessment 
of  the  projected  radiation  exposures  and  is  within  the  scope  of  part  (b)  of 
this  issue. 

Part  (b)  of  this  issue  (will  the  expected  radiation  dose  received  by  any 
member  of  the  public  in  an  unrestricted  area  be  less  than  the  allowable 
limits  as  required  by  10  CFR  60.111,  40  CFR  191  Subpart  A,  and  10  CFR 
Part  20)  addresses  radiation  doses  from  the  repository  and  from  other  poten- 
tial sources  (regulated  under  40  CFR  Part  190)  to  nearby  individuals.   To  de- 
termine this  expected  radiation  dose,  the  unrestricted  area  must  be  defined 
and  doses  to  the  nearby  individuals  determined  from  both  repository  operation 
and  other  uranium  fuel  cycle  facilities.   Calculation  of  this  dose  will  be 
performed  using  acceptable  analytical  models  that  require  radionuclide  source 
terms,  locations  of  release  points,  location  of  nearby  individuals,  exposure 
pathways,  meteorologic,  and  hydrologic  parameters.   This  will  require  an 
iterative  analysis  because  the  location  of  the  nearby  individuals  may  change 
since  the  contribution  from  the  repository  to  the  combined  dose  may  change 
both  in  magnitude  and  location  as  the  repository  design  matures  (i.e.,  as 
predicted  source  terms  and  release  points  may  change) .   Radiation  doses  from 
other  facilities  from  all  pathways  to  the  unrestricted  area  will  be  deter- 
mined to  ensure  that  the  combined  doses  and  radionuclide  concentrations  are 
less  than  the  allowable  limits. 

Doses  in  the  unrestricted  area  may  be  derived  from  direct  radiation  from 
sources  inside  the  repository  boundary,  direct  radiation  from  repository 
radioactive  airborne  emissions,  inhalation  of  these  airborne  radioactive 
material  emissions,  and  ingestion  of  radioactive  material  from  liquids  and 
foodstuffs  contaminated  by  radioactive  material.   Radiation  doses  to  individ- 
uals in  the  unrestricted  area  are  expected  to  be  primarily  due  to  gaseous 
radioactive  material  released  during  waste  handling  and  packaging  operations. 
Doses  are  expected  to  be  reduced  to  levels  well  below  the  allowable  limits  by 
design  features  such  as  filtration  and  by  natural  dispersion  in  the  atmos- 
phere. 
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Additional  potential  sources  of  radiation  dose  to  unrestricted  areas  in- 
clude radon  and  radon  daughters  from  the  underground  portions  of  the  repos- 
itory that  may  be  entrained  in  subsurface  ventilation  air  and  discharged  at 
surface  release  points  and  from  radon  and  other  naturally  occurring  radio- 
nuclides that  may  be  released  from  muck  stored  on  the  surface.   These  re- 
leases are  not  within  the  scope  of  Subpart  A  of  40  CFR  Part  191.   Even  though 
these  releases  also  do  not  appear  to  be  within  the  scope  of  10  CFR  Part  20, 
their  contribution  to  offsite  releases  to  unrestricted  areas  will  be  as- 
sessed.  Therefore,  analyses  are  required  to  quantify  the  emanation  rate  of 
this  radionuclide  from  the  mine  and  from  the  muck  pile.   Sources  of  radiation 
exposure  from  the  transportation  of  high-level  waste  (HLW)  to  the  repository 
are  expected  to  be  addressed  under  Issue  3.3,  as  part  of  the  environmental 
program  planned  activities.   (Transportation  of  HLW  to  the  repository  is 
excluded  from  the  definition  of  site  characterization  by  the  Nuclear  Waste 
Policy  Act.)   Transportation  of  this  HLW  within  the  repository  boundaries 
will  be  considered  part  of  the  repository  program. 

In  addition  to  a  primary  focus  on  ensuring  radiation  doses  to  the  public 
are  at  a  very  low  level,  both  10  CFR  Part  20  and  Part  60  require  the  verifi- 
cation of  performance.   This  requirement  for  performance  verification  neces- 
sitates the  design  and  installation  of  in-plant  radiation  measurement  systems 
for  effluent  monitoring  with  alarm  mechanisms  to  warn  of  significant  in- 
creases in  radioactivity.   The  radiation  monitoring  systems  must  monitor  and 
record  concentrations  of  radioactive  material  in  the  effluents  and  in  the 
surrounding  environment.  Data  from  these  systems  are  required  to  determine 
radiation  exposures  to  the  public  and  to  verify  they  are  within  regulatory 
limits.   These  requirements  are  discussed  in  the  Project  Radiological  Moni- 
toring Plan,  which  is  discussed  in  Section  8.3.1.13. 

In  summary,  the  repository  will  be  designed  to  limit  the  expected  radia- 
tion dose  received  by  any  member  of  the  public  in  an  unrestricted  area  to 
less  than  the  allowable  limits  required  by  40  CFR  Part  191  Subpart  A  and 
10  CFR  Part  20.   Computer  models  will  be  used  to  evaluate  the  potential  of 
radiation  exposure  of  any  member  of  the  public  in  the  unrestricted  area.   The 
performance  verification  systems,  which  will  be  designed  and  constructed  to 
comply  with  10  CFR  Part  20  and  Part  60  requirements,  will  be  used  during 
operations  to  ensure  that  the  as-built  repository  will  meet  regulatory  dose 
requirements.   The  preclosure  performance  monitoring  and  confirmation  program 
(see  Section  8.3.5.16)  will  provide  the  mechanism  for  corrective  action, 
either  operational  or  design,  which  will  ensure  successful  compliance. 

The  resolution  of  this  issue  will  be  accomplished  by  the  analysis  of  the 
repository  design  and  operational  controls  and  activities  and  calculation  of 
doses  to  members  of  the  public  in  unrestricted  areas  to  ensure  that  the  doses 
meet  allowable  limits  and  are  as  low  as  reasonably  achievable. 

Application  of  the  issue  resolution  strategy 

The  logic  to  be  used  in  the  resolution  of  this  issue  is  illustrated  in 
the  logic  diagram  shown  in  Figure  8.3.5.3-2.   This  logic  diagram  depicts  how 
the  generic  issue  resolution  strategy  of  Section  8.2.2  is  to  be  applied  to 
this  issue.   The  first  step  of  the  process  (identifying  regulatory  require- 
ments) was  discussed  earlier  in  the  section  called  Regulatory  basis  for 


3.5.3-5 


DECEMBER  1988 


IDENTIFY   PRECLOSURE 

REGULATORY   AND   OTHER 

REQUIREMENTS  ON  PUBLIC 

RADIOLOGICAL   SAFETY   UNDER 

NORMAL   CONDITIONS 


EVALUATE  EXISTING 

DESIGN  ANALYSES 

£   SITE  DATA 


IDENTIFY  FUNCTIONAL   FIEQUIREMENTS 


SURFACE. 


REPOSITORY 


PROVIDE 
REMOTENESS 
FROM  HIGHLY 
POPULATED 

AREAS  £ 
MEMBERS  OF 
THE  PUBLIC 


PROVIDE  DISPERSION 

S  TRANSPORT  OF 

ROUTINE  RADIOACTIVE 

RELEASES  THROUGH 

WATER  PATHWAYS. 

CROPS.  S  ANIMALS 


PROVIDE  TRANSPORT. 
DISPERSION.  DIFFUSION 
OF  ROUTINE  AIRBORNE 
RADIOACTIVE  EFFLUENTS 
TO  THE  UNRESTRICTED 
AREA 


PROVIOE 

CONTAINMENT  OF 

POTENTIAL 

SOURCES  OF 

RADIATION  TO  THE 

UNRESTRICTED  AREA 

OFFSITE 
INSTALLATIONS 

■ 


VERIFY  THAT 
THERE   ARE  NO 
URANIUM 
FUEL   CYCLE 
FACILITIES  THAT 
NEED  TO  BE  CONSID- 
ERED IN  ASSESSING 
THE  PUBLIC  DOSE 


IDENTIFY 

PERFORMANCE 

MEASURES 


SET 
PERFORMANCE 

GOALS 
G  INDICATIONS 
OF   CONFIDENCE 


IDENTIFY 
PARAMETERS. 

SET  GOALS 
C  INDICATIONS 
OF   CONFIDENCE 


IDENTIFY   SITE 

DATA   NEEDED   S 

TRANSMIT   TO 

CHARACTERIZATION 

PROGRAM 


DEVELOP  DESIGN 

CRITERIA   S 

CONSTRAINTS 


IDENTIFY   INPUT 

ITEMS   NEEDED  FROM 

DESIGN  PACKAGE 


CREATE   OR 

UPDATE 

REPOSITORY 

DESIGN   BY 

ISSUE   A  A 


TRANSMIT   DESIGN 

REQUIREMENTS 

S   REQUESTS   FOR 

INFORMATION   TO 

ISSUE   2  7 


PUBLIC  RADIOLOGICAL   SAFETY 
ASSESSMENT  PACKAGE 


OBTAIN  DESIGN 

PACKAGE   S   SITE 

DATA   FROM 

REFERENCE 

INFORMATION  BASE 


IDENTIFY    SOURCE 
CHARACTERISTICS 


RADIONUCLIDE 
TRANSPORT  EVALUATION 


PUBLIC   RADIATION 
EXPOSURE   CALCULATION 


NOT   FEASIBLE 
TO   PROCEED 


RECOMMEND   CHANGES 

TO  PERFORMANCE 

GOALS  OR  DESIGN  S 

OPERATIONAL 

PROCEDURES 


PREPARE   INPUT   FOR 
LICENSE   APPLICATION 


Figure  8.3.5.3-2a.      Logic  diagram  for  Issue  2.1  (public  radiological  exposures-normal  conditions)     See  Figure 
8  3.5  3-2b  for  legend.    Section  8.3.2.1  describes  the  relationships  and  interfaces  between  design  and  performance 
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Figure  8.3.5  3  2b       Legend  for  Figure  8.3  5  3-2a. 
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addressing  the  issue.   The  following  discussions  will  explain  each  of  the 
remaining  steps  in  the  resolution  of  this  issue  as  shown  in  the  logic 
diagram. 

Identification  of  functional  requirements.   To  allocate  performance  in 
this  issue  to  specific  system  elements  of  the  mined  geologic  disposal  system 
(MGDS)  at  Yucca  Mountain,  the  functions  of  these  system  elements  with  respect 
to  this  issue  must  be  identified.   The  preclosure  portion  of  the  Yucca  Moun- 
tain MGDS  is  divided  into  three  major  system  elements:  the  site,  the  repos- 
itory, and  the  waste  package.   The  waste  package  will  not  be  considered  in 
allocating  performance  for  this  issue  but  will  be  considered  in  Sec- 
tion 8.3.4.   The  waste  package  will  be  considered  as  part  of  the  repository 
system  element  equipment.   The  major  system  elements  are  further  subdivided 
into  more  specific  system  elements;  however,  for  resolving  this  issue,  only 
the  site  need  be  divided  further.   The  site  is  divided  into  two  systems  ele- 
ments: the  surface  and  the  subsurface.   In  addition  to  these  three  system 
elements  from  the  MGDS  requirements,  a  fourth  system  element,  offsite  instal- 
lation, is  required  for  the  resolution  of  this  issue.  A  description  of  each 
of  these  system  elements  and  their  function  with  respect  to  this  issue  fol- 
lows. 

Surface  system  element.   The  surface  system  element  affects  transport  of 
radionuclides  between  the  repository  and  the  members  of  the  public  in  the 
unrestricted  area  during  the  preclosure  period.   Transport  mechanisms  include 
atmospheric  transport,  surface  water  movement  and  dilution,  bioaccumulation, 
and  consumption  of  agricultural  and  indigenous  food  stuffs. 

Atmospheric  transport  is  most  likely  the  dominant  mode  of  transport  of 
radionuclides  from  the  repository  to  the  public.   The  main  processes  involved 
are  the  physical  transport,  dispersion,  and  deposition  of  potential  releases 
of  radionuclides.   The  atmosphere  will  impact  the  potential  radiation  dose 
from  both  the  natural  and  man-made  source  terms.   The  radioactivity  deposited 
will  then  move  through  the  food  chain  to  crops,  animals,  and  man.  A  lesser 
contributor  to  the  dose  rate  in  the  unrestricted  area  is  direct  radiation 
from  the  repository.   The  distance  between  the  repository  and  the  unrestric- 
ted area  is  expected  to  greatly  attenuate  the  direct  radiation.  Direct 
radiation  that  can  contribute  to  the  dose  in  the  unrestricted  area  has  to  be 
controlled  to  maintain  a  safe  environment  for  the  workers.  A  possible  excep- 
tion to  this  is  direct  radiation  exposure  of  the  public  due  to  transporta- 
tion, which  is  to  be  addressed  by  Issue  3.3. 

Concentration  of  radionuclides  in  the  unrestricted  area  is  also  affected 
by  dispersion  and  transport  of  routine  radioactive  releases  through  water 
pathways,  followed  by  uptake  by  crops,  animals,  and  man. 

The  surface  system  element  also  provides  a  remote  location  (with  respect 
to  highly  populated  areas  and  members  of  the  public)  for  the  repository  oper- 
ations. This  serves  to  limit  the  number  of  people  in  the  adjacent  unre- 
stricted area.   Part  (a)  of  this  issue  requires  that  the  average  dose  to  mem- 
bers in  a  highly  populated  area  be  less  than  a  small  fraction  of  the  allowa- 
ble limit.   Since  the  repository  is  far  from  a  highly  populated  area,  the 
doses  to  the  population  are  expected  to  be  small.  Verification  of  this  at- 
tribute is  directly  determined  by  investigating  the  local  demographics  (Sec- 
tion 8.3.1.10,  population  density  and  distribution  program). 
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Repository  system  element.   The  repository  system  element  includes  all 
surface  and  subsurface  systems  that  can  impact  man-made  sources  of  radiation 
in  the  unrestricted  area.   This  includes  all  systems  and  operations  that  con- 
trol radiation  releases  and  exposures  in  the  unrestricted  area.   The  repos- 
itory will  be  designed  and  analyzed  to  ensure  that  the  radioactive  effluents 
are  below  the  regulatory  limits.   Potential  effluents  are  in  the  form  of 
gases,  liquids,  and  solids,  all  of  which  must  be  evaluated  for  compliance 
with  the  applicable  regulations.  Analyses  to  determine  compliance  of  the 
repository  with  the  regulations  will  require  information  on  the  radioactive 
sources,  systems  design,  and  operations  to  be  performed. 

Off site  installations.   The  exposure  standards  in  40  CFR  191,  Subpart  A, 
apply  to  releases  from  the  repository  and  from  uranium  fuel  cycle  facilities 
defined  in  40  CFR  190.   Therefore,  a  determination  of  which  of  the  installa- 
tions in  the  vicinity  of  the  Yucca  Mountain  MGDS  are  nuclear  fuel  cycle 
facilities  is  required.   The  function  that  the  offsite  installations  system 
element  plays,  with  respect  to  this  issue,  is  to  verify  that  there  are  no 
uranium  fuel  cycle  facilities  in  the  vicinity  of  Yucca  Mountain  that  would 
need  to  be  considered  when  assessing  total  exposure  to  the  population. 

Allocation  of  performance  to  the  system  elements.   The  next  four  steps 
after  the  identification  of  functional  requirements  make  up  the  bulk  of  the 
performance  allocation  process.   In  these  steps,  performance  measures  and 
performance  goals  are  developed,  and  needed  parameters  are  defined.   The 
results  of  these  steps  may  be  seen  in  Tables  8.3.5.3-1  and  8.3.5.3-2. 

Development  of  design  criteria  and  constraints  and  identification  of 
input  items.  The  only  constraints  on  the  design  of  the  repository  forth- 
coming from  this  issue  are  those  general  performance  goals  shown  in  Ta- 
bles 8.3.5.3-1  and  8.3.5.3-2.   These  performance  goals  are  transmitted  to 
Issue  2.7  (Section  8.3.2.3)  where  specific  design  criteria  are  developed  and 
transmitted  to  Issue  4.4  (Section  8.3.2.5)  for  incorporation  into  the  design 
of  the  repository.   In  general,  specific  design  products  or  information  re- 
quired of  either  Issue  2 . 7  or  Issue  4.4  and  needed  by  the  performance  issues 
are  also  transmitted  to  Issue  2.7.   However,  at  this  time  no  specific  design 
products  or  information  items  have  been  identified  as  being  needed  by  this 
issue . 

Public  radiological  safety  assessment  package.   The  specific  analytical 
approach  for  resolution  of  this  issue  will  be  developed  as  part  of  the  pre- 
closure  risk  assessment  methodology  (PRAM)  program  described  in  Sec- 
tion 8.3.5.1  and  other  project  activities.  A  general  approach  is  shown  in 
Figure  8.3.5.3-2  in  the  dashed  box  labeled  "public  radiological  safety 
assessment  package."  The  following  provides  a  step-by-step  discussion  of  the 
analytical  approach. 

Design  Evaluation.   The  design  package  and  site  data  are  obtained 
from  the  reference  information  base  (RIB) ,  and  the  repository  design  features 
related  to  the  radiological  safety  of  the  public  during  normal  operations  are 
evaluated.   The  following  is  a  discussion  of  what  types  of  information  are 
investigated  during  this  design  evaluation.   The  high  level  waste  (HLW) 
throughput  (schedule  and  amount  of  waste  received  per  year)  is  an  important 
controlling  factor  in  the  design  of  the  repository  process  and  storage 


3.5.3-9 


DECEMBER  1988 


o 

•H 
r-i 

CX 


CM 


d) 

3 

03 

CT; 

H 

M 

O 

4-1 

CO 

rH 

to 

o 

&l 

Q) 

O 

c 

ID 

B 

G 

o 

, — . 

IW 

CO 

M 

c 

a) 

o 

a, 

■H 

-l-J 

T3 

-H 

C 

73 

rtj 

C 

O 

k. 

o 

03 

0) 

r— I 

M 

rO 

3 

E 

en 

M 

nJ 

O 

0) 

c 

B 

1 

1 

a; 

CO 

o 

a> 

c 

M 

rrj 

3 

B 

CO 

C 

O 

o 

a, 

4-1 

X 

r-l 

<y 

CD 

o<«h 

03 

*. 

O 

en 

■H 

C 

&l 

o 

O 

-H 

rH 

4J 

o 

o 

-H 

c 

T3 

3 

nrj 

U, 

M 

I 
ro 

in 

co 

oo 

O) 

rH 

ft) 

tH 


qj 

u 

-o  c 

CD    <D 

-a  x) 

Q>  -H 
Q)  4-4 
Z     G 

o 
u 


qj 

> 

•H 

^H 

4-J 

rd 

ro 

o 

0) 

Cn 

G 

QJ 

H 

x: 

OJ 


x: 


XI 
Cn 
•H 


a; 

u, 

rx 

< 

CO 

CO 

< 

CO   rH 

o 

IX 

o 

>i 

4-J 

rx       o 

QJ    rO 

•o 

en 

C_J 

4->    CM 

QJ 

e 

r0 

•H 

to    4->   CN 

-h   a 

0) 

c  o 

1-1 

x 

o 

n 

3 

M 

CJ     M 

4-1     CT 

M 

■H    rH 

o 

ro  4-i 

4-> 

M 

•H 

43 

H 

rO   4-> 

■H     QJ 

-H 

>1 

vr 

a,  M 

1-1 

4-> 

rH 

o  a.  m 

CO 

3 

M-l    44 

X)    rO 

o 

CO 

rO 

"3"  X)    ro 

C     M 

tr 

H     O 

44 

3   CX 

4-) 

C 

QJ 

a. 

QJ 

3     (X 

a)  o 

QJ 

rH 

O 

CO 

o 

a 

CO 

>lC/j 

X) 

M 

rO     CO 

bs 

■a 

■H 

■H 

c 

o 

X)           Pi 

c 

3    G 

CO 

*  Pu 

0) 

4-1 

rH 

•H 

x> 

-    CX 

c  m 

QJ 

tr  o 

o 

4-1 

rH    CJ 

•H 

3 

o 

rd 

T)HU 

O  X 

(0 

•H 

>£• 

1 

CTl 

rH 

XI 

3 

X 

QJ 

QJ    CTl 

-H    4-> 

O 

QJ    +J 

m 

H    CD 

CX 

-H 

G 

o 

4-1 

M   iH   O 

4-1 

X 

XJ   -H 

■H 

iH 

a. 

M 

O 

•H 

■H             H 

(0     CO 

4-> 

4->   X) 

4-1 

rH 

4-1 

ro 

4-J 

■H 

■o 

CO 

3    4-> 

rH       CO 

G 

M 

M    X) 

c 

Xi 

o 

o 

tr  m  t3 

3     QJ 

o 

>i  o 

CO 

QJ 

to    c 

CO 

o 

ro 

o 

(X 

QJ    ro    C 

CXrH 

4-1 

XI    o 

rx 

CO 

dj  m 

ro 

CJ 

M 

CM 

g 

M   Cu    rd 

O 

O 

o 

Oj 

Q 

o 

g 

ai 

QJ 

Q) 

g 

o 

QJ 

to 

4-J 

CM 

CO 

M 

>1 

3 

in 

CO 

Cn 

-C 

•H 

en 

X 

•H 

CO 

< 

>1 

4-1    Pi 

o 

U 

. — . 

i 

•H    (X 

4->   CN 

o 

£ 

-H 

e  o 

M 

CO 

4-J 

3 

H 

C 

H 

ro   4-> 

QJ 

■H 

-H 

■H 

•rH 

rH    O 

O,  M 

CO 

CO 

c 

o 

Cn 

•sT 

X)    ro 

o 

ro 

O 

m 

to 

C 

C 

cu 

ai 

3  a, 

4-> 

0J 

a. 

M 

H-l 

•H 

o 

•C 

CO     >i  CO 

H 

0J 

3 

M 

•H 

4J 

QJ 

O  XI 

Pi 

TJ 

OJ 

M 

— 

0) 

-H 

4-1 

CO 

■O 

~    [X4 

Q) 

M 

rH 

3 

ro 

en 

O 

•o 

rH    O 

■H 

QJ 

U 

o 

tr 

U 

c 

■a 

QJ    QJ 

CT> 

^H 

QJ 

Xi 

ft) 

>1 

QJ 

a> 

•H 

4-1     M 

tH    O 

Qh 

a 

4J 

QJ 

CJ 

M 

X) 

CO 

u 

•H  -H 

rH 

CX 

•H 

rH 

•H 

CO 

■H 

CO     3 

4-> 

rd 

4-1 

e 

u 

^H 

CO 

CO 

QJ 

^H 

o  cr 

M   T) 

3 

o 

3 

OJ 

0J 

a 

CO 

"i 

a,  qj 

rO    C 

CO 

o 

M 

C 

3 

■H 

o 

CO 

e  m 

Cn    rO 

ro 

H 

>M 

>M 

4-> 

o 

ro 

CX 

o 

o 

o 

z; 

QJ 

1 

i    a 

i 

i 
c 

1     c 

U 

c  o 

a 

o 

c  o 

3 

0)    u 

0) 

1-1 

QJ    M 

CO 

>1 

O  -H 

X) 

CO 

o 

■H    T3 

<n 

CJ    -rH    X)     CO 

rO 

4-J 

a  > 

c 

0) 

a 

>  c 

QJ 

C    >    C    CD 

QJ 

■H 

o  c 

ro 

CO 

o 

C    ro 

to 

O    C    ro    CO 

e 

CO 

G 

O    QJ 

rO 

O 
X3 

CJ 

QJ 
rd 

O 

■a 

CJ    Q)          O 
ro  X) 

QJ 

0) 

co  a 

-H 

CO 

C    H 

CO    C  -H 

CJ 

■a 

QJ  -H 

T1 

rH 

QJ 

•H  X) 

i-H 

QJ   -H   X)   rH 

c 

T) 

CU 

m 

X) 

QJ 

rO 

X)            QJ    CO 

ro 

c 

•H     CO 

E 

3 

•H 

co    g 

3 

■H     CO     g     3 

£ 

o 

rH      C 

X) 

rH 

C 

X) 

rH    C           X) 

M 

•H 

cj  o 

rH 

•H 

CJ 

O  rH 

■H 

U    O  rH  -H 

O 

4-1 

3  -H 

rrj 

> 

3 

•H    rO 

> 

3  -H    rO    > 

CM 

rO 

C    4-> 

4-) 

•H 

C 

4-1     4-1 

•H 

C    4->    4->  -H 

M 

rH 

O    rO 

C 

X) 

O 

rd    C 

Tl 

O    rO    C  X) 

QJ 

3 

■H     M 

ai 

c 

•H 

M    QJ 

c 

•H     M     QJ     C 

PD 

a, 
o 

ro 
ro 

T)    4-> 
ro 

6 

•H 

XI 
rd 

cc 

4->    g 
1 

•H 

X)    4-)     g     H 

to 

Pi 

3   -H 
1       CJ   XS 
3  -H    (0 

>1 

C    QJ 

CM 

C 

C 

O    4->     -4 

4-1 

■H    U 

o 

o 

X)   -H 

O 

MM           co 

•H 

rO 

a 

^ 

•H 

c 

•H 

rd  X)   4-> 

> 

>i 

«.         k. 

a 

•H 

CO 

CO 

M 

•H       «. 

to 

>M    fX-H    C 

•H 

M    C 

c  c 

o 

6 

CM 

QJ 

3    C 

M 

O           3    0) 

4-1 

o  o 

o  o 

•H 

0) 

rd 

>M 

X 

O 

a> 

c 

..  tr  3 

u 

4->  -H 

■H   -H 

4-> 

QJ 

QJ 

3 

fX 

>iH 

ex 

o 

CO      CO      H    rH 

ro 

•H    4J 

4-1    4-> 

IT) 

TJ 

M 

4-> 

CO 

X)    4-1 

CO 

•H 

QJ     3   rH    CM 

co    rO 

3    ro 

rH 

•H 

4-> 

CO 

o 

CJ 

•H 

CO 

CO    O           44 

M 

O     rH 

rH     4-1 

3 

^H 

CO 

e 

4-1     QJ 

Xl 

3 

rO    QJ  X)    QJ 

O 

a,  3 

■H      14 

g 

o 

X) 

4J 

M    > 

>M 

QJ    co    X 

QJ    Ch 

•O  o 

3 

3 

», 

o 

rO 

O    C 

CJICM 

rH    (0    ro    QJ 

CO 

M    O 

rx 

O 

C 

t/i 

o 

(X  O 

c 

■H 

QJ    en         > 

CO 

CX 

QJ     CO 

U 

o 

M 

>M 

QJ 

co    CJ 

■H 

xt 

U              ^-H 

QJ 

0) 

N     C 

m 

•H 

Ql 

N 

C 

TJ 

QJ     QJ    4J 

CJ 

4-)     S 

>i  ro 

o 

Tl 

> 

X) 

>1 

ro  X> 

3 

X) 

4->    C    4-)     U 

o 

ro    O 

rH       U 

•H 

ro 

•rH 

c 

rH 

U    C 

■-H 

C 

-H   -H     10     10 

M 

O    rH 

O 

►J 

CO 

6    ro 

rO    4-> 

Si 

X) 

M 

M 

rO 

10 

5 

4->     10 

C 

o 

CJ 

CO 

rO 

E    4-1    rH     o 

O    QJ 

•a  <u 

CO 

X) 

co 

•H 

4-> 

44    44 

M    M 

c  c 

.1) 

X) 

C 

•H 

CO     QJ 

c 

X) 

o  o 

>M    rO 

QJ 

rO  -H 

CO 

a> 

M 

ro 

X) 

3    C 

Ql 

cu 

X 

4-> 

ro 

4-> 

a> 

>M    M 

3 

4-> 

4->    CO            10 

CO  X) 

4-1 

C    3 

QJ 

u 

4J 

*, 

hk 

>M     O 

rH 

CJ 

G     QJ     QJ     QJ 

CO    QJ 

o  o 

rH 

■H 

ro 

CO 

+J 

•H    X) 

m 

•H 

qj  cj  x:   M 

QJ    4-1 

CM 

•H     M 

QJ 

14 

* 

(X 

M 

X)     M 

■41 

M 

g    M   4->    rd 

c 

C    t0 

o 

CO 

M 

4J 

O 

O 

■H 

QJ 

4-> 

2    3 

o 

QJ    rH 

M    >M 

CO 

X 

u 

rxx)  to 

CO 

■H    O    O  X) 

■H 

4-1     3 

co 

QJ    O 

OJ 

(|i 

tjl 

u 

to 

c 

01 

QJ 

ro    co   4->    QJ 

4-1 

o  rx 

14 

rx 

> 

M 

a 

C 

rd    QJ 

> 

U 

4J                     4-> 

CJ 

E   o 

ai 

CO    4J 

•H 

C 

o 

k, 

ro 

C 

■H 

a 

C     rH       C       CJ 

a 

qj  a, 

-i 

■H     M 

4-) 

3 

M 

CO 

M 

~  -H 

4-> 

3 

O     10     O   -H 

3 

M 

X)     O 

O 

-C 

>i   CO 

4-> 

C     4J 

U 

CJ     H   -H     M 

Cv. 

>i 

QJ    O 

fX 

ro 

ai 

4J 

ro    rH 

O    3 

rd 

QJ 

4-1    4-)    4-> 

QJ    rH 

g    H 

QJ    CO 

O 

X 

3    rO 

QJ 

•H    O 

i> 

X 

QJ     C     rO     CO 

73    X 

rH 

X)     C 

H 

4-> 

(0 

x  e 

X) 

CO     M 

•H 

4-1    rO 

X)     QJ     H     QJ 

•h   cn-o  .q 

•H    rO 

TJ 

Ql 

4J    -rH 

•H 

H 

X) 

QJ 

•H    4->   X)     M 

>   -H 

C     3 

>    M 

rd 

o 

M 

to   c 

> 

QJ    44 

rd 

O    U 

>     O     rO     C 

O  X 

CO     fX 

O    4-) 

M 

4-) 

rd 

(X  to 

O 

a,  o 

M 

4->    rd 

O     CX   M     3 

U 

u 

W 

U 

rx 

rx 

rx 

CU 

o 

a, 

OJ 

rx 


OJ 

en 

o 

^H 

c 

-H 

o 

■H 

rH 

>1 
o 

U 
•H 

c 

■a 

u 

3 

•H 

rx 

rd 

^H 

tr 

Ql 

Ql 

Q> 

c 

a> 

rH 

3 

M 

o 

X 

CJ 

CM 

■H 

4-> 

3 

CO 

4-> 

C 

QJ 

rO 

CT 

P 

•H 

M 

c 

CM 

3 

4-> 

01 

■H 

o 

•H 

•H 

T3 

CO 

C 

rH 

•rH 

CO 

u 

ro 

•H 

CO 

0) 

QJ 

Ql 

M 

O 

C 

CO 

CO 

Q 

3 

m 

O 

0] 

o 

§3 

— 

4H 

o 

rO 

n 

t~i 

0J 

>, 

u 

rH 

■H 

rH 

ro 

0) 

4-J 

rd 

Qi 

3 

•H 

c 

rH 

44 

rH 

ro 

CJ 

-H 

3 

_^ 

u 

•n 

a 

£ 

ro 

c 

3 

CM 

.0 

>i 

-H 

X) 

c 

0) 

Q) 

M 

rd 

^H 

4-) 

rd 

M 

o 

rd 

OJ 

3 

>l 

u 

c 

— 

o 

o 

►H 

CO 

,»*, 

OJ 

1 

CTl 

0) 

p 

•H 

c 

C 

M 

3 

4J 

0 

■H 

to 

■rH 

•H 

CJ 

CO 

C 

rH 

CO 

Ql 

ro 

-H 

Ql 

ai 

0) 

U 

M 

O 

XI 

CO 

CO 

QJ 

3 

rO 

(1) 

o 

-C 

— 

CM 

o 

rd 

X> 

4-> 

4-> 

M 

0J 

C 

O 

4-> 

rd 

^4 

T1 

•H 

■H 

ro 

0) 

o 

Ql 

H 

x: 

rH 

>1 

OJ 

X> 

3 

4-> 

ti 

u 

c 

01 

3 

M 

a. 

>! 

C 

■H 

4-1 

Ql 

CM 

0J 

ro 

n 

QJ 

•H 

o 

a 

X 

H 

-C 

M 

t: 

'4-1 

4-> 

CO 

4-> 

0J 

> 

1 

rtl 

rH 

rH 

OJ 

m 

CO 

4-1 

4-1 

a 

•H 

CO 

0 

CO 

G 

•H 

44 

•H 

4-1 

44 

o 

3.5.3-10 


DECEMBER  1988 


CO 

e 

u 
o 
c 

I 

co 
cu 
u 

CO 

o 

a, 
x 


CT> 

o 

■H 

o 


T3 

co- 
rn 

CJ 
■H 

D 

a, 


CN 


a) 

3 

m 

to 

M 

, . 

"3" 

M 

O 

»w 

u_i 

o 

n 

T— 1 

a> 

m 

<D 

■H 

Cn 

3 

rO 

tr 

Q, 

0) 

— 

M 

* — v 

CO 

co 

M 

c 

0 

o 

4J 

■H 

a) 

4-> 

1 

-H 

-a 

n 

c 

(fl 

o 

Cm 

o 

tN 
■ 

i 

m 

m 

CO 

CD 

H 

xa 

T3 

&H 

c 

o 

Cr 

M 

•rH 

C 

CU 

4-> 

•H 

4-1 

CJ 

T) 

CU 

0) 

■H 

E 

CO 

> 

fo 

o 

M 

Cu 

u 

(0 

u 

a, 

a 

0) 

CU 

o 

j-> 

a 

c 

CU 

cu 

a 

w 

•H 

M 

4H 

3 

c 

O 

o 
cj 

CU 
3 
r-\ 
CO 

73 

> 

id 

-u 

u 

cj 

CD 

a) 

4-> 

Q. 

CU 

M 

u 
co 

cu 
u 

■d 

c 

cu 

cu 

■a 

Tl 

0) 

■H 

cu 

4-1 

53 

C 
O 
CJ 

m 
o 

co  cn 

> 

•H  M 

4_)  CU 

CO  4-1 

4J  CD 

CU     5 

H     M 

CO 

ex 


>-i  w 

CU  O 

4-1  4-> 

co  a. 

Ct3  M 

M  U 

oo  co 

Cu  CO 


cu 

u 

T3 

c 

CO 

g 

m 

It 

g 

no 

rH 

0 

0 

QJ 

IH 

CJI 

a; 

H 

ai 

cu 
2 


.c. 
Cn 


ft 


TJ 

CO 


t3 

cu 
2 


4-> 

c 

C 

o 

(11 

•H 

c 

4J 

<D 

rO 

0 

^H 

Ci 

3 

a) 

Q. 

a, 

o 

a, 

o 

53 

en 


CO 

C 

o 

CO 
M 
CU 
Cu 


,* 

u 

rfl 

H 

CO 

O 

<1) 

•iH 

-a 

4-> 

c 

C 

m 

3 

O 

cu 

CJ 

>i 

z 

73 

CO 

2 


4->  _Q 

C  4->  M> 

0)  Coo 

E  a)  m 

S  g  rH 

O  co 

i-i  co  .. 


cu  w 
co  O 

co  a 


u   a>   no  - — 

ai 


Cn 


o 

•H 

4-> 

ft) 

■H 

>i 

3 

4-1 

a. 

•H 

o 

co 

ex 

CS 

cd 

a 

X) 

o 

j 

^ 

M 

rO 

rH 

CO 

CJ 

01 

■H 

T3 

*J 

c 

C 

(0 

3 

o 

<u 

o 

>1 

a 

>i 

a 

CM 

^H 

•h 

>i 

o 

M 

x: 

X) 

H 

0) 

tn 

73 

>1 

0 

4-> 

-H 

co 

<D 

(1) 

4-1 

0) 

-C 

<o 

4J 

H 

•H 

cu 

£ 

CD 

no 

'g 

CO 

o 

no 

B 

M 

U 

C 

c 

M 

o 

no 

O 

1 

no 

CD 

rg 

m 

M 

r-H 

^H 

CD 

•o  C 

G 

a, 

CM 

73 

U 

O 

CD 

(3 

4J 

no 

C  -H 

o 

c 

CO 

4-) 

o 

c 

O   cn 

cm 

Cn 

CD 

no 

•H 

CD 

CU 

•H     CU 

M 

•H 

CJ 

^H 

4-> 

U 

--I 

4-)     M 

CU 

CO 

c 

3 

a) 

03 

1 

00 

Cu 

CD 

CO 

a, 

^H 

•l — t 

i— 1     CD 

X) 

4-1 

o 

3 

•o 

1 

d  x: 

co 

a. 

a. 

CO 

■-I 

a,  4J 

■M 

o 

o 

Q 

cu 

Cu 

•rH 

CD 
S 


T3 

0) 
S 


T3 
CO 
H 


CTJ 

14-1 

G 

M 

O 

■H 

0 

H 

c 

CO 

m 

o 

CD 

■H 

Tl 

^H 

4-> 

•H 

(0 

m 

M 

•rH 

H 

CJ 

M 

a 

:3 

4-> 

| 

a 
o 

n 

o 

•H 

M 

o 

■g 

M 

no 

cn 

a) 

O 

M 

4-> 

•H 
T) 

CD 

2 


CU 

4J  in 

CD 

CO     CD 

t-4 

CO     CD 

•—  4-> 

in     I 

4-) 

o 

CN      O 

O 

Cn  C 

1       t-H 

cn  c 

r«       4-> 

O 

X     4-> 

\   O 

rH      « 

\  o 

-H     O 

-H     O 

CJ   M-l 

«    rH 

O    C*H 

X) 
CD 
2 


Ti 

n) 


no 

'4-4 

C 

a 

CJ 

•H 

3 

10 

C 

CO 

>4H 

0 

(1) 

■H 

■o 

rH 

4-> 

•H 

no 

(Tl 

rH 

•H 

r4 

u 

V4 

3 

D 

4J 

| 

C 

o 

CO 
11 

U 

•rH 

U 

O 

T) 

M 

CO 

CO 

<1) 

O 

14 

4J 

■H 

cu 

■a 

■d 

0) 

CD 

2 

0                      M 

kg/yr 
ot- 

4->  r-      O 

*_. 

CZ>    CM 

Oi 

, , 

"»      rH 

M-l 

O            CD 

CD 



rH     X     CD 

4-> 

CO 

o 

X    rH     — 

c 

CQ 


73 
CD 
2 


•rH 

•rH 

73 

73 

CD 

d) 

2 

2 

CO 

CO 

3 

3 

•rH 

•H 

73 

73 

(0 

CO 

I  Jl 


73 

CD 

CO 

•H 

CO 

M 

CO 

a, 

co 

o 

a. 

M 

o 

u 

u 

u 

CM 

>M 

o 

73 

o 

CO 

CD 

4-) 

eq 

CO 

c 

•rH 

CD 

3 

no 

P< 

O 

M 

73 
CD 

2 


CO 

3 

•-H 

73 

CO 


a, 
o 

M 
CJ 


O  73 
5! 


73 

CD 

2 


■H 
73 


u 

>1 


Cn 


73 
CD 

2 


73 
CO 


Cu 
O 
M 
CJ 


CO  73 

4-)  CD 

m  e 

3  3 

O  co 


73 
CD 
2 


co 
3 

•rH 

73 
co 

M 


c 

CO 

<M  73 
O  CD 
CO 
CO  H 
CD    CO 

£M 

Eh 


cu 


.3.5.3-11 


DECEMBER  1988 


CNJ 


<D 

3 

CO 

CO 

H 

, 

«^ 

V-l 

o 

4-1 

4-1 

o 

XI 

CNJ 

CU 

n 

o> 

■H 

Cn 

3 

a) 

tr 

a, 

Q! 



V-l 

*~-^ 

CO 

to 

V4 

c 

CD 

o 

4J 

-H 

QJ 

H-> 

i 

•H 

ro 

T5 

V-l 

C 

ro 

O 

O, 

O 

CN 

1 

1 

• 

LO 

• 

m 

m 

CD 

H 

£J 

rfl 

H 

O 

en  m 

■H 

c   cu 

4-> 

■■H    4-) 

u 

x>  a) 

cu 

CO 

■<H     S 
>    rd 

O     M 

Cu 

M     10 

o 

CU   CU 

00 

CU 

U 

4-1     C 

c   cu 

CU   T> 

U   ■•-{ 

M    ^4-1 

3     C 

t_>    O 

u 

QJ 

3 

■-I 

TO 

XI     > 

0) 

4->    M 

O    0) 

CU     4J 

a,  cu 

w  to 

M 

ro 

Cu 

cu 

u 

T)    C 

CU    CU 

X)   X) 

CU   -rH 

CU    44 

■z.  c 

o 

tj 

TO 

o 

a)  en 


to 

4-> 

c 
a) 

H 


TO 
Cu 


M  CU 

O  4-) 

CU 

cu  e 

C  M 

m  to 

e  cu 

o  c 

h-a  en 


cu 
u 
a 

d)    ID   « 
G     IT) 

o  o 
<u  >4-i  en 
oc   M 

Q) 

cu 


T1 


m 


•o 
cu 
2 


|H 

>1 

en 

M 
O 

4->  10 


XI 

cu 


XI 

4->     TO 

O     rH 

1 

| 

C  -H 

•H 

•H 

m  > 

•a 

xi 

4-j  m 

<u 

CU 

TO 

s 

s 

Q 

M 

M 

>i 

>1 

en 

tn 

X 

X 

0) 

o 

o 

rH 

4J  VO 

4-> 

*T 

X) 

O 

O 

4j   nj 

>r     ^H 

rH 

rH 

O  '-i 

CD 

O 

C    -rH 

rH      '.< 

rH 

« 

ro 
to   > 

X     rH 

X 

rH 

4->    to 

to 

rH 

rH 

a 

-C 

Xi 

t" 

Cn 

•H 

•rH 

-H 

■H 

•H 

TJ 

X) 

■o 

PS 

>»H 

o 

T3 

CO 

2 
C 

•H 

rH 
(0 

cu 
2 

c 

•H 

rH 

ro 

4H 

-* 

C 

o 

rH 

4-> 

XI 

rH 

4J 

xt 

o 

rH 

fO 

4-> 

c 

4-> 

vx> 

a 

4->   CD 

3 

m 

0) 

c 

tJO 

n 

0> 

C   CO 

of 

M 

XI 

T3 

s 

p 

QJ 

OTi 

o 

£ 

CU   <Ti 

O 

(0 

C 

m 

5 

i 

rH 

4-> 

^ 

ro 

c 

6    ^H 

O 

0) 

o 

to 

o 

CO 

o 

O 

to 

rH 

>1 

4-> 

rH 

(0 

n 

u 

CO 

h. 

CM 

rH 

C 

U 

to     .. 

Cu 

£3 

o 

•H 

cu 

w 

o 

O 

•H 

cu  w 

o 

cu 

1 

o 

c 

•rH 

t> 

to 

o 

rH 

X 

•rH 

> 

co  O 

4-1 

X! 

M 

to 

4-> 

c 

to 

Q 

4-) 

a 

co  a 

4-> 

t> 

<4H 

O 

cu 

to 

■■-' 

X 

rH 

U 

<D 

ro  — • 

in 
f- 

o 

IT) 

CO 

to 

rH 

0) 

to 

•rH 

CU 


■a 
cu 
2 


xi 
cu 
£ 


XI 

cu 
£ 


•H 
X) 


•H 
X) 

3 


to 

cn 

^ 

ai 

cu  cn 

m 

3 

CC  o 

r~ 

rH 

rH 

r~ 

rd 

C     • 

o\ 

> 

•rH    rH 

rH 

CO 

C    CU 

^ 

•H 

CU   X) 

u 

>     rH 

a: 

r-t 

-h  a 

S3 

TO 

Cncj 

•—^ 

O 

L9 

X) 

a) 

S 

i 

3 

to 

m 

O 

l»H 

C 

O 

c 

>H 

3 

o 

l-i 

a> 

CU 

rH 

u 

4-> 

m 

4-) 

44 

•H 

-J 

TO 
Q) 

e 

<4H    X) 

o    CU 


4-) 
CU 


c 
o 

O  Q) 

cn 

■-i  to 

10  !H 

B  O 


cu 

.1 

4-> 
OJ 

cn 
to 
u 
o 


cu 
en 

(0 
M 

o 


XI 

c 

tO 


ai 


xJ 

Cn  o 

C  H 

•H  M 

rJ  CU 

TO  CU 
M 


X) 

c 
to 

CU 

O    f0 

IH    cu 

o   u 

to 

<4H 
O     rH 


X) 
10 

a: 


144 

o 

o 

■u 

3 

M 

o 

rjj 

to 

rH 

4-> 

.1' 

>4H 

TO 

•H 

» 

TH 

u 

O 

•H 

OJ 

XI 

M 

o 

4-) 

TO 

M 

CU 

4-1 

CU 

g 

M 

4J 

3 

3 

TO 

rH 

to 

* 

o 

> 

X) 
CU 

2 


s 

o 


CO 

co 

co 

co 

co 

co 

co 

co 

co 

co 

M     V4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

CU     O 

■H 

■H 

•H 

■r| 

•H 

•H 

•r| 

•H 

■H 

•H 

4-1    4J 

X) 

XI 

X) 

X) 

XI 

XI 

Xl 

X) 

X) 

X) 

CU     CU 

TO 

TO 

TO 

TO 

to 

TO 

ro 

TO 

TO 

ro 

TO     M 
M     U 
to    CO 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

1 

1 

1 

1 

I 

I 

1 

1 

1 

1 

CU     0) 

XI 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

H 

cu 

>1  4-1 

XI    10 

* 

4H 

X) 

o 

cu   cn 

Di 

>   c 

s 

c 

lH      H 

o 

•H 

oj  ^i 
co   c 

rH 

-V 

m 

c 

•H 

■H 

C     M 

o 

M 

o  xJ 

•r| 

X) 

•H 

V4 

4-)   rH 

4J 

rH 

M 

TO     TO 

CU 

TO 

ai 

^-i    c_> 

p 

V 

4-1 

3    O 

3 

0 

TO 

CUrH 

rH 

•H 

3 

O 

o 

0-i 

> 

3.5.3-12 


DECEMBER  1988 


c 

o 

CT> 

M 

•H 

c 

0) 

4-> 

•H 

4-> 

CJ 

n 

(1) 

CD 

•H 

6 

CD 

> 

(3 

o 

M 

Cu 

M 

m 

o 

a. 

a. 

CO 

CD 
CJ 

4-J 

a 

c 

aj 

CD 

X) 

M 

■H 

u 

l»J 

a 

c 

CJ 

o 
u 

CD 

3 
H 

co 

X) 

> 

(U 

4-> 

M 

o 

CD 

CD 

4-1 

a 

ai 

X 

g 

Pd 

co 

u 
■o  c 
a)  a> 

X>  X5 

CD     H 

d)   M-l 

2    C 

O 

u 


cO   m 

M     U 

ro    CO 

Cu    <D 

X> 


a> 

u 

■o 

c 

<D 

co  nj 

4J 

E  m 

n 

^H 

o  o 

<D 

144    Cr 

ai 

U 

0) 

a. 

•h 

-H 

•H 

x) 

xi 

X) 

ai 

d) 

d) 

2 

2 

2 

oo        oo 


•rH  -H 

•a  x> 

d>  d> 

2  2 


x: 
en 


o 

O 

4-> 

yo 

4J 

KO 

en 

1 

co 

1 

i   x> 

in 

i 

Xt 

m 

H 

IT)     C 

r- 

IT) 

C 

i— 

t-H 

fl 

CO 

i 

CO 

CO 

l 

1 

(0 

CD 

IT) 

to 

Cl) 

LT) 

in 

d>     •. 

H 

d) 

*. 

•H 

m  r- 

X> 

X) 

M 

r- 

-O 

X) 

d) 

3    1 

CD 

a 

3 

i 

CO 

c 

.-H 

tnin 

EH 

cd 

tr>in 

H 

(X) 

Xl 

•H 

•H 

m 

UU 

&U 

H 

d) 

1 

0) 

XI 

x: 

9 

0) 

O 

4-> 

Di 

cr 

•H 

(72 

o 

o 

■  r4 

•H 

X) 

- — ■ 

>44 

c 

a: 

34 

1 

.-H 

H 

M 

CO 

to 

ai 

o 

c 

4-> 

d) 

ai 

d)    o 

CO 

> 

-H   -H 

5 

•rH 

u 

4-1    4-1 

4_> 

cu 

4J     CO 

144 

CO 

4-) 

•H     d) 

o 

4-1 

d) 

--H     U 

a 

I 

CJ 

0) 

d> 

>i  d) 

CO 

H 

M 

H    U 

3 

10 

d) 

Cu 

> 

X> 

CO 


<0 
3 
■H 
XI 
CO 

u 


M 

o 

M 

d) 

O 

4-> 

co 

d) 

d) 

(1) 

P 

co 

o 

CO 

D    co 

c 

M 

ai 

CO 

CO 

.-H    -H 

i 

ex 

CO  X) 
C    O 

o 

c 

O  X) 

M-4 

en 

•H 

M 

•-H 

4-1     M 

dl 

10 

CO     dl 

Cu 

CD 

d)     4-> 

XJ 

U  co 
o  » 
d) 

co 
X) 

d> 
cy 
a, 


x) 

c: 


w 
cj 


CO 

3 
•H 
X) 

CO 

n 


o 
oo 


C 

o 

•H 
4-) 
O 
CU 
M 

••o 

X) 

c 


u 
cj 


x) 

CO 


4-> 

•H 

.H 
-H 

-S 


O 

M 

CD 
& 
(X 
co 

8 


■H 

■H 

X) 

X) 

Cl) 

0) 

2 

2 

I  I 


X) 

d) 

2 


x) 
d> 

2 


X) 

X) 

X) 

c 

C 

c 

CO 

(0 

CO 

CNJ 

CN 

CNJ 

in 

in 

in 

CO 

CO 

CO 

0)  ro 

CD 

in 

d)  "3< 

^H     1 

rH 

l 

•-<    l 

XI  m 

XI 

in 

Xl  m 

CO 

CO 

co 

EH 

EH 

EH 

d) 
2 


•H 
X) 
CD 

2 


cu 

M 

3 

4-) 

CO 
M 
CD 
4-1 
•H 

.-3 


X! 

•H 

cn 

X) 

•H 

d) 

DC 

2 

1 
■H 

to 

O 

o 

a. 

^H 

>i  a 

o 

d> 

o 

g 

d) 

> 

4J 

CNJ 

CJJ 

M 

u 

1 

3 

^™, 

-1 

in 

w 

CO 

CJ 

a. 

CD 

D 

M 

to 

CO 

f-\ 

CO 

ID 

U 

XI 

CD 

u 

' — 

cr> 

CO 

d) 

H 

CO 

•H 

•H 

X) 

X) 

d) 

d) 

2 

2 

CO 

1     -H 

CO    O 

C 

CD  -H 

o 

IW    144 

•H 

CD 

to 

O    C 

M 

■H    CD 

<D 

X!  XI 

a, 

*—. 

a 

co 

u 

co  co 
M  d) 
CP  U 

^ 

O    3 

O 

CX+J 

4J 

o 

H 

to 

CO 

co 

CO 

CO 

to 

3 

3 

3 

3 

3 

3 

•H 
X) 

•■H 
X) 

3 

•H 
X) 

•H 
XJ 

•H 
X) 

CO 

CO 

CO 

m 

id 

CO 

M 

M 

M 

M 

M 

U 

I  I 


0) 

CD    CO 

d) 

».             •«. 

"44 

H    4-> 

u 

a>  >i 

CD 

O 

3    C 

x: 

3 

R4i 

U 

4->     H 

4-) 

4-) 

3 

d) 

CO    O 

ex 

to 

4-)     tO 

to 

CJ 

cd  a 

CD 

4J 

-H 

c 

co 

c 

•44 

XJ 

a 

o 

•  •  d) 

CD 

CO 

CD 

CD    0) 

B 

C    4-) 

M 

4-) 

CJ     CO 

M 

-H     M 

o  c 

CL, 

to 

•H     CO 

d) 

XI    3 

CJ 

■H   -H 

•H 

X!     CD 

>1 

e  4J 

-rH 

4-> 

o 

X) 

Cu-H 

CO 

tO    to 

M 

CO       v 

■H 

CO     CD 

^H 

u 

CD 

4->     4-) 

M 

X) 

U     M 

0)     d) 

A 

US  • 

4-> 

c 

Cn 

o» 

o  a, 

ft 

CD 

10 

O   B 

c 

co  g 

CO 

•H     O    O 

B 

a.  o 

•H 

M     Ql 

Q 

O     I    4-> 

CD     10     CD 

5 

CD 

o  u 

X 

d)    4-> 

B 

M 

N 

4-1   *4J 

S 

> 

4-) 

U 
Cu 

CO 
CO 

CO 

CJ 

W 

H 

H 

H 

u 

CJ 

o 

CJ 

CJ 

u 

o 

.3.5.3-13 


DECEMBER  1988 


I 

o 

c 
I 

I 

CO 

CD 

M 
CO 

o 
a, 
x 

CD 


ro 

o 

-H 

o 


ro 
M 

O 

■■H 

■H 

3 


CN 


cd 

3 

CO 

CO 

1— 1 

„ — „ 

■^r 

u 

o 

4-1 

4-H 

O 

T) 

■=f 

cd 

>h 

<D 

-H 

Cn 

3 

TO 

ty 

a, 

CD 

-— " 

U 

, — - 

co 

CO 

V-l 

C 

CD 

O 

4-) 

■H 

0 

4-J 

e 

•H 

a) 

X) 

V-l 

c 

ro 

0 

Cu 

o 

CN 

I 

1 

CO 

m 

ro 

CO 

<D 

-H 

XI 

rO 

H 

c 

o 

en  M 

•H 

C    QJ 

*J 

■H   4-1 

O 

x)  cu 

cu 

Efl 

>     TO 

O     M 

a. 

M    (0 

O 

ex  ex 

to 

Q) 

o 

4->    c 

c   a> 

0)  X) 

M     H 

t-l   MH 

3    C 

CJ    o 

o 

a) 

3 

rH 

fO 

xi  > 

a> 

4-)     M 

U     d) 

QJ    4-J 

a,  a) 

x   E 

W    ro 

M 

ro 

CX 

cu 
o 

73     C 
CU     CU 

-o  -a 

CU  -H 
CU   MH 

z.  a 
o 
o 


(0 

o 

0)    Cn 


CU    ro 

H    M 

ro 

a, 


M 

0) 

O 

4-1 

01 

0) 

o 

i 

G 

M 

rg 

rO 

g 

a, 

o 

c 

tr 

Cn 

M 

•H 

0) 

r/i 

Ou 

0) 

-a 

QJ 

u 

■a 

c 

cu 

rO  fl 

4-) 

Hi 

E  rH 
C    ro 

r-H 

o  o 

cu 

>4-i   cn 

a: 

m 

cu 

a, 

o 

a, 


4->    4J 

g 

QJ     CX 

3 

6  ••-* 

3  u 

CN 

M    U 

3 

ro    to 

CO 

04     0) 

En 

•o 

~-~ 

x: 
Cn 


cu 

4-> 

o 
a 

ij 
o 
o 


cu 
cu 

CO 

I 
•a 

cu 

TJ 
CU 

cu 

c 

ro 

4-> 

rO 

•d 

c 
o 


u 
cu 

4-> 

u 
ro 

M 
rO 

x: 
o 

CU 
4-> 

•H 

CO 


•d 

ro 
O 


•  H 

•rH 

X) 

■d 

CU 

CU 

2 

S 

M 

ro 

CU 

C 

^ 

rd 

cj 

xl 

3     CU 

co 

4-> 

rH 

C    -H 

CU 

a> 

U 

•H 

CO 

rH 

>,    >14-J 

(0 

X)   o 

•H 

cu 

a: 

CO 

M 

rH 

r-\ 

u, 

4-> 

ro  <~l 

•H 

u 

■H 

CU    CU 

O 

co 

£3 

G    3 

rd 

cu 

CJ 

■H 

MH 

MH 

10 

M* 

rH 

O 

o 

53 

a 

X! 
Cn 

a! 


3 

•rH 

•d 

ro 


x: 

Cn 


u 

rfl 

cu 

rH 

G 
rO 

O 

x: 

3 

cu   to 

4->    rH 

G 

rH     CU 

CTl 

CJ     H 

(0    rH 

>i 

>14-1 

to 

XI 

U   -H 

CU    Oi 

M 

rH 

rH     U, 

rd 

rH  -H 

u 

CU 

0)     U 

CO 

G 

3    ro 

Q)   CO 

>tH   <4H 

CO    T 

O 

O 

2 

a 

CO 
3 

•H 

-d 

ro 


o 
oo 


Cr> 

c 

-H 

CU 

4-> 

>l4-> 

H        r4 

(U 

rH 

CU 

rH 

rO 

o  o 

>. 

o 

o 

M 

4->  a. 
•h  a, 

X) 

>1 

C> 

>1  >1 

XI   u 

G 

(O    3 

rfl 

M 

O 

O    CO 

CU 

rH 

ffl     rH 

■H 

a. 

c 

O 

CU    cu 

4-> 

cu  -d 

3 

to 

C    3 

CO 

a) 

MH 

M     C 

14-1 

■4-1 

0) 

tM 

cu 

C 

4-1 

ro 

to 

o 

■H 

e    . 

-H 

rg 

3 

cu 

cu 

t_- 

4-) 

O    6 

4-) 

E 

4-J 

cj  c 

to 

c 

P 

•r4 

M     3 

-H 

cu 

C    Cn 

>1 

o 

-H 

rH 

>tH     H 

H 

6 

CU   -H 

rH 

■H 

G 

•H 

C 

•H 

c 

o 

n    (0 

rfl 

4-1 

CO 

O 

to    ro 

CJ 

o 

1-4 

oj   cu 

c 

rfl 

M 

rfl 

CU    M 

rn 

TJ 

14-1 

<4-j  -d 

ro 

O 

3 

CM 

to    3 

1H 

01 

cu 

O 

O 

PS 

oi 

rJ 

a 

I 

(0 

m 

QJ 

rH 

ID 

XI 

4-J 

ro 

3 

ro 

4-J 

CX 

CU 

G 

OO    rH 

Cn 

-H 

rfl 

QJ 

CU    CJ 
r-\  -H 

> 

CU 
XI 

Xl   en 

•    CJ    CJ    >i 

4-1 

rfl    O 

rj)    rl  H  W 

EH  <-H 

H  im  <4-i    rfl 

*■ 

O 

Hl-rl-H       QJ 

to 
c 
o 

G    H 

x;  o  o  rH 

-H  -d 

QJ     CU 

rfl 

•d  a,  rx   - 

•H 

to  OS 

QJ   to   to   to 

4-J 

rH 

4-1                    G 

•H 
X) 

rfl    CU 

to  cu  qj  ro 

O  X! 

•h  -d  -d  o 

G 
O 

Cn  4-J 

rH     H     H     QJ 

o 

rH     rH       CX 

-H 

CJ 

CU    G 

(O    CJ    CJ 

MH 

CJ    H 

OJ    3    3      * 

•H 

rH 

G 

3    C    C    to 

CJ 

rO 

rfl  T) 

rH     O     O     QJ 

QJ 

p 

Fj     OJ 

rfl  -H  -H  -H 

ex 

C   to 

>    X)   X)     V4 

to 

O 

c 

O    to 

ro  ro  m 

i 

H-l     CU 

tj  n  m  « 

QJ 

M     U 

QJ                  X! 

4-1 

t-l 

CU   X) 

4-1   X)   Xl 

-H 

QJ 
X) 
C 

a,-d 

CJ    C    G     * 

to 

rfl 

cu  ro  ro  to 

CU 

ex           c 

QJ 

3 

>   to 

X   ro  ro  o 

XI 

>i 

•H  ->H 

QJ     M     G    rH 

4-J 

O    3    QJ 

O 

4-J 

rfl  X) 

<4h  rH  ro  6 

4-> 

QJ 

4-J    G 

O   4H    "4H 

MH      t-l 

G    rfl 

^ 

IH 

Xl 

ro   qj 

CU 

QJ     QJ     QJ     C0 

QJ 

QJ 

to    4-> 

4-)    to 

Cn  V4     1-4     M 

cu 

QJ 

CU 

CU 

c  ro  ro  qj 

Xl 

C 

H    E 

CU  -H 

ro             ex 

rfl    ro 

X!    4-> 

1-4    to    CO    ex 

»- 

to 

O     IH 

4->  -H 

QJ    QJ    QJ 

4-1 

•    IH 

■H  ro 

> 

QJ    3    3    CX 

•H 

CU    QJ 

cn  ex 

O     H 

XI    rH    rH 

XI 

H    4J 

o 

4->    4-> 

4-1    ro    rfl     ^ 

CO 

XI 

XI    QJ 

•  rH    to 

CJ 

>      >      QJ 

QJ 

rd 

ro  e 

rH    rfl 

—  o 

CU    rfl 

>l                      CJ! 

-H 

IH 

G   -H     to 

rH 

i4-i    U    CJ    ro 

4-1 

H    U 

o  x)  ro 

X)  "d 

-H    -rH    -H     --i 

•H 

•* 

ro  ro 

n  ro 

rfl    CU 

M   M-t   >4H   -H 

to 

a> 

QJ 

>    CX 

•rl     14    X) 

4-1     G 

QJ     H   -H     10 

G 

Cn 

to 

ro 

IH               QJ 

C 

>    CJ    CJ 

QJ 

ffl 

QJ 

QJ 

O     U    4-> 

to   CO 

QJ     0)       ^ 

XI 

f-t 

QJ 

4-1     to 

XI     QJ    CO 

•H    ■— 1 

u    CX  CX  >i 

H 

Cn 

0J    QJ 

r*     "H 

x;  a. 

cu  to  to  ro 

CX 

to 

>iXI 

>1   M    rH 

4-) 

4-J                X! 

o 

«- 

4-1 

l-l     O 

QJ      -~     •» 

M 

T3 

to 

4-J 

O     3     >i 

c   ro 

E    QJ    QJ     *■ 

CJ 

c 

M 

O    4-1 

4-1                  rH 

•rH      M 

rfl     rH     rH     Xl 

rd 

•    O 

g  ro 

-H     QJ     QJ 

cn 

U    XI   XI     QJ 

Xl 

>i.2 

XI 

to    4-1     > 

CO    o 

ro  ro  ro  qj 

G 

«. 

t-l    Xl 

rfl   4-1 

o  ro  -h 

u   u 

CXrH    rH      tO 

ro 

>1  4-> 

4-1 

CX  3   4-1 

cu   ex 

•H   -H 

ro 

rH         - 

rfl    QJ 

QJ   rH     CJ 

4-1 

to    rfl    rfl    rfl 

k. 

xi 

3  XI 

XI     4-1 

t-i  ro  qj 

CU     rH 

-H     >     >    MH 

to 

O     to 

ro 

-~      >     rH 

e  ro 

x;  ro  ro  -H 

rO 

•*. 

CX-H 

rH       CJ 

QJ     rH 

ro  4-i 

4J             ro 

QJ 

rd 

MH 

°  d 

4-J              O 

M    G 

S      3    <4H 

u 

<4H 

X) 

O  X) 

-H    O    CJ 

rfl    CU 

"4H       O      O     rH 

ro 

rH 

C     M 

CX  c 

G   4-) 

°*  § 

O    G    C    tO 

rd 

tO    QJ 

•H 

3          QJ 

CXMH 

4-J 

Cn 

Xl     M 

CU    o 

CO    QJ    QJ       ^ 

o 

rH 

•>  ro 

c  o 

Di  QJ    rfl 

U    M 

4J    M    M    rfl 

H 

rd 

CX  3 

•H    4-1 

C   X) 

C    H 

C    rfl    rfl  tw 

u 

qj  x; 

H 

•H    QJ  — 

ro  > 

QJ                            rH 

4-1 

QJ     to 

M  "O 

t-i    qj  r~ 

B  c 

E    rfl    rfl    rfl 

■a, 

rxx:  cu 

rH       QJ 

ex  c    • 

P  cu 

•     QJ    4-1    4-1    *W 

to 

QJ 

tO     H 

3   Xl 

CO           CM 

o 

n  ih  ro  ro  rH 

CX 

u 

MH 

to    C 

c 

tw     CU 

rH    3  x)  xi   ro 

o 

X 

h» 

QJ 

X!    O    QJ 

u  x; 

•  to 

V4 

cu 

to     •» 

•  v    4-> 

rfl  -H    3 

QJ    4-1 

rH    ro  Xi  XI      ~ 

o 

CTlrH 

M     G 

a,  4-j  to 

ex 

•     QJ    O     CJ     tO 

MH 

O     H 

•H   -H 

o  ro  to 

<4H 

cn   g  -h  -h   cu 

QJ 

x:  ro 

O 

&gM 

cu   o 

.       xi  x:  o 

rH 

CU 

3 

>    CU 

x: 

OO     C4     3     3    4-1 

X) 

4-J 

-  & 

IH     M 

H    O   XI 

^ti 

qj             ro 

ro 

o 

to 

qj   ro 

MH    cn 

C    XI     W     t-l    4-1 

rH 

a 

4-1     tO 

to 

rH     G     3 

>i  rfl 

O  4->   o   o   o 

•H 

4-J 

ro  3 

QJ     to 

(OHO 

cu  rx 

■H     rH    MH    lIH     CX 

rfl 

o 

O     rH 

CC    4J 

to            M 

>! 

-P    3 

> 

0 

Cn  CX 

G 

>i   C    XI 

to 

O  MH    ro    rfl      ^ 

rfl 

MH 

rH      QJ 

XI    Cn  4-J 

C   -H 

aj        m  c  to 

-  -H 

rfl    6 

0.-H 

CO    QJ    O    3    QJ 

c 

T3 

QJ 

4-1     QJ 

O    to  xl 

3   ro 

>     rH      ro    rH 

o 

QJ 

•-^     0J 

to     M 

XI    QJ    CU 

rH     4-1 

g    ro  MH  MH    CX 

4J 

4-J     4J 

>«-H 

4-1    XI     C 

o  ro 

•h  xi            ex 

XI 

W 

4-J     O 

V4     3 

•H           -H 

CJ  X) 

rH    rH      ro 

c 

•rH 

ro  g 

CJ    CT1 

rH     QJ    rfl 

X)       O     -H     rH 

QJ 

,-i 

CJ     4-1 

QJ 

C    XI     4-J 

CO     QJ 

cu  jj  ro  ro     ■* 

CX 

o 

MH     M 

O    4-1    Xl 

■H     to 

to                      G 

QJ 

m 

>i  o 

o 

^— . 

C           O 

x:  qj 

to    to    10    tO    V4 

XI 

ex 

tJ    MH 

cu 

00 

cn~- 

4-1  x; 

3  -H    M    IH    O 

o 

•H 

01     U 

CD 

QJ     C 

4-1 

CJ            CU     QJ     O 

to 

u 

ro  g 

to     G 

o\ 

x:  -h  t 

c 

tO   rH     >     > 

CU 

o 

X)   -H 

3    QJ 

rH 

4-J     4-1        • 

•rH    MH 

H    rfl    O    O      «. 

3 

XI 

' 

rfl   "3- 

O 

X)    O    O    CJ    to 

rH 

rH 

•*    QJ 

Xl   -H 

to    O 

10 

Cn               C 

ro 

rH 

QJ     to 

QJ    MH 

CT 

•H  -H    0) 

1-4     G 

C            QJ     QJ  -H 

> 

ro 

rH      O 

4-1     C 

G 

C    3 

QJ    O 

ro    QJ    cn  Cn  ro 

4-1   XI 

•rH     O 

•H 

4-1     3    to 

4->  -rH 

rH       >       C       G       t-l 

CJ 

to 

4-1    4-J 

fa     CJ 

n 

•  H    E    f 

4-)    4-> 

oj  -h  ro  ro  cn 

•H 

Q' 

ro 

•H 

-H 

G      E    IH 

QJ     CJ 

|J       rl       14^ 

MH 

■d 

CJ    MH 

•H     e 

3 

3    O 

rH     QJ 

Cn  ro              4-1 

•   -H 

3 

O 

3 

O 

o   E 

rH 

c  4-i  to  to  ro 

>i   CJ 

rH 

MH 

>i-H 

CM            O 

QJ   ^-{ 

•h   c:  -^  -^   QJ 

QJ    QJ 

O 

QJ   rH 

M    Xl 

CU 

3      tH      t-l 

X!     O 

m  qj  xi  x:  xi 

c  a 

G 

0)     rH 

QJ     QJ 

Ql 

CO    O   MH 

H    O 

O   H   H  H   3 

O    CO 

IH 

03    <C 

>  £ 

w 

Eh   fj-i 

ro    Jj 

4-1    0     T>       «     <44 
•H 

c 

X!   tj> 

X3 

G 

ro 

J3 

•H    T-l 

jy   h, 

E 

C      0       CO 

E 
QJ 

4-1 
•H 

3.5.3-14 


DECEMBER  1988 

facilities  (e.g.,  hot  cell  structure  and  lag  storage).  Direct  radiation  that 
can  be  emitted  from  the  central  process  area  and  the  amount  of  routine  radio- 
active effluents  will  be  directly  related  to  the  amount  of  HLW  on  hand  and 
being  processed.   These  sources  of  potential  doses  to  the  public  also  depend 
on  how  processes  are  conducted  for  such  activities  as  waste  receipt,  lag 
storage,  waste  handling  and  consolidation,  transport  of  waste  containers  and 
the  heat  treatment  of  spent  fuel,  if  done.   Public  radiation  doses  from  such 
activities  will  also  be  controlled  by  administrative  procedures  (e.g.,  limits 
on  frequency  of  tasks  and  time  in  storage) .  Attributes  of  the  repository  de- 
sign that  will  play  a  major  role  in  controlling  direct  radiation  and  release 
of  radioactive  effluents  to  the  unrestricted  area  include  such  features  as 

1.  Barrier  and  shield  thicknesses,  composition,  and  distance  from  the 
source,  and  the  exposed  individuals. 

2.  Containment  and  ventilation  system  characteristics  (e.g.,  repository 
and  hot  cell  layout,  differential  pressures  between  areas,  openings, 
air  locks,  and  filters) . 

3.  Containment  characteristics  of  the  waste  form  (i.e.,  fuel  elements, 
waste  package,  etc.) 

4.  Radioactive  material  release  point  characteristics  (e.g.,  stack 
height,  diameter,  exit  velocity,  temperature,  and  distance  from 
unrestricted  area) . 

In  addition,  as  part  of  the  regulatory  performance  verification  require- 
ments, specific  systems  and  operational  controls  will  be  needed  to  verify 
that  the  repository  design  and  operation  will  maintain  the  annual  radiation 
dose  to  the  public  to  less  than  the  regulatory  limits.   Types  of  systems  that 
must  be  provided  include  (1)  gaseous,  particulate,  and  liquid  effluent  moni- 
toring and  control  equipment;  (2)  effluent  sampling  and  measuring  equipment; 
(3)  environmental  surveillance  equipment;  and  (4)  emergency  response  fea- 
tures. Design  of  these  systems  will  be  incorporated  in  the  normal  repository 
design  process.   The  information  needed  for  this  design  evaluation  will  be 
the  product  of  the  design  process  and  will  generally  not  depend  directly  on 
the  site  characterization  activities.  However,  data  on  background  radio- 
logical conditions  and  dust  characteristics  may  affect  the  design  of  moni- 
toring equipment.  Data  on  dust  characteristics  are  discussed  in  Sec- 
tion 8.3.2.4  (nonradiological  health  and  safety)  and  only  mentioned  here 
because  worker  health  concerns  require  more  extensive  data  on  dust. 

Identification  of  radiation  source  characteristics.   Potential 
sources  of  radiation  that  can  contribute  to  the  dose  to  the  exposed 
individuals  in  the  unrestricted  area  can  be  categorized  as  resulting  from 
(1)  repository  operations,  (2)  operation  of  offsite  facilities,  and 
(3)  miscellaneous  operations.   Examples  of  radiation  sources  resulting  from 
repository  operations  are  receipt  of  HLW  shipping  casks,  releases  during 
spent  fuel  consolidation,  transport  of  HLW  containers,  and  naturally 
occurring  radionuclides  (e.g.,  releases  from  ventilation  exhausts  and  the 
muck  pile)  . 
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The  specific  information  needed  about  the  potential  source  terms  in- 
cludes radionuclides  involved,  quantity  and  concentration,  decay  radiation 
and  energies,  and  physical  and  chemical  forms.   General  information  needed 
about  the  source  terms  for  dose  evaluation  include 

1.  Planned  repository  operational  details  (e.g.,  scheduled  HLW 
throughput  and  inventories,  generated  low-level  waste  (LLW)  and 
transport  rates,  and  normal  effluent  release  rates) . 

2.  Repository  design  features  (e.g.,  radionuclide  barriers,  normal 
effluent  release  locations,  layout  distances,  containment,  leakage, 
and  filtration  details) . 

3.  Environmental  details  (e.g.,  pathways  for  transport  or  dispersion  of 
radioactive  materials  through  the  soil,  air,  and  water  to  vegeta- 
tion, animals,  and  the  public,  and  location  of  other  relevant  off- 
site  facilities  and  their  radionuclide  release  rates) . 

4.  Natural  radionuclide  sources  (e.g.,  radon  emanation  rate). 

Depending  on  the  characteristics  of  the  source  terms,  the  information 
needs  will  be  satisfied  by  either  the  site  characterization  program,  the 
repository  design  process,  or  the  environmental  and  socioeconomic  sampling 
and  monitoring  programs.  Development  of  the  analytical  tools  needed  to 
evaluate  potential  adverse  public  impacts  of  the  source  terms  will  be 
coorakLnated  with  the  preclosure  risk  assessment  methodology  (PRAM)  program 
requirements  and  recommendations. 

Radionuclide  transport  evaluation.   The  next  element  in  the  public 
radiological  safety  assessment  package  is  radionuclide  transport  evaluation 
following  release  to  the  environment  of  radioactive  material  from  normal 
repository  activities.   Radioactive  releases  to  the  environment  from  relevant 
offsite  facilities  must  also  be  considered  since  these  releases  this  can 
contribute  to  the  dose  to  the  public  in  the  repository  unrestricted  area. 

The  pathways  for  the  initial  concentration  of  radionuclides  released 
from  the  repository  central  process  area  and  offsite  facilities  to  the  public 
in  the  unrestricted  area  need  to  be  described.   The  possible  pathways  to  the 
public  can  be  directly  through  the  air,  water,  and  soil,  or  indirectly 
through  vegetation  and  animals. 

The  dispersion  of  airborne  radioactive  materials  can  (1)  result  in 
radionuclide  concentrations  in  the  air  that  can  cause  an  external  dose  by 
direct  radiation  or  an  internal  dose  through  inhalation,  or  (2)  result  in 
ground  deposition  of  radioactive  material.   Similarly,  dispersion  of  water- 
borne  radioactive  effluents  can  result  in  an  external  dose  by  direct  radia- 
tion, result  in  an  internal  dose  through  drinking  of  the  water,  or  result  in 
the  deposition  of  radioactive  material.   Radionuclides  deposited  on  the 
ground,  plants,  or  riverbanks  can  cause  a  direct  radiation  dose  but,  more 
importantly,  they  can  enter  the  food  chain  through  uptake  and  bioaccumulation 
in  plants  and  animals.   Examples  would  be  eating  cattle  that  grazed  on  local 
grass  or  eating  grain  irrigated  with  local  water. 
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Analytical  tools  in  the  form  of  dispersion  and  pathway  models  will  be 
required  to  perform  the  radionuclide  transport  evaluation.  Meteorological 
data  (e.g.,  wind  speed  and  direction  atmospheric  stability)  will  be  needed  as 
input  to  the  dispersion  model.   This  need  for  site  data  will  be  satisfied  by 
the  site  characterization  program.   Specific  data  (e.g.,  type  of  crops  raised 
and  bioaccumulation  of  radionuclides  in  plants  and  animals)  will  be  required 
for  the  food  chain  pathway  models.   This  data  need  will  be  addressed  by  the 
socioeconomic  and  environmental  monitoring  program. 

Public  radiation  exposure  calculation.   The  last  step  in  the  anal- 
ysis is  the  evaluation  of  radiological  exposure  that  quantifies  the  maximum 
dose  to  the  public  postulated  from  routine  operation  of  the  repository  and 
off site  facilities. 

The  maximum  dose  to  an  individual  at  the  nearest  unrestricted  location 
is  normally  considered  the  greatest  potential  adverse  impact  and  is  used  as 
the  basis  for  calculations.   The  furthest  distance  the  unrestricted  area  can 
be  from  the  repository  is  5  km.   The  Bureau  of  Land  Management  limits  occu- 
pancy at  this  location.   Occupancy  at  a  site  about  15  km  away  from  the  re- 
pository will  be  assumed  to  be  24  hours  per  day,  365  days  per  year.   Indivi- 
duals are  conservatively  assumed  to  do  such  things  as  drink  local  water,  eat 
local  animals  and  fish,  eat  foodstuffs  grown  using  local  water,  and  spend  re- 
creational time  in  local  water  bodies.  Analytical  models  will  be  used  to 
quantify  the  public  dose.   The  following  types  of  analytical  tools  will  be 
needed: 

1.  Building  ventilation,  filtration,  and  leakage  models. 

2.  Radiation  shielding  models. 

3.  Atmospheric  dispersion  models. 

4.  Radiological  impact  models  for  transportation  of  LLW. 

5.  Food  chain  pathways  models. 

6.  Radiological  consequence  assessment  models. 

The  information  needed  to  calculate  doses  using  these  analytical  tools 
will  be  provided  as  discussed  in  the  previous  steps.   This  information  will 
be  the  product  of  the  site  characterization  program,  the  socioeconomic  and 
environmental  monitoring  program,  and  the  normal  repository  design  process. 
Following  is  a  list  of  some  technical  guidance  documents  that  will  be  evalu- 
ated for  applicability  to  the  development  of  the  above  analytical  tools.  A 
list  of  analytical  tools  that  are  available  for  use  is  contained  in  Section 
8.3.5.19  (completed  analytical  techniques).   Further  discussions  of  analy- 
tical tools  are  contained  in  Sections  8.3.5.20  (techniques  requiring  develop- 
ment) . 

1.  Regulatory  Guide  1.21 — Measuring,  Evaluating,  and  Reporting  Radio- 
activity in  Solid  Waste  and  Release  of  Radioactivity  in  Liquid  and 
Gaseous  Effluents  From  Light -Water-Cooled  Nuclear  Power  Plants 
(Revision  1,  June  1974)  (AEC,  1974) . 

2.  Regulatory  Guide  1.23 — Onsite  Meteorological  Programs  (NRC,  1980). 
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3.  Regulatory  Guide  1.109 — Calculation  of  Annual  Doses  to  Man  From 
Routine  Releases  of  Reactor  Effluents  for  the  Purposes  of  Evaluating 
Compliance  With  10  CFR  50,  Appendix  I  (Revision  1,  October  1977) 
(NRC,  1977a) . 

4.  Regulatory  Guide  1.111 — Methods  for  Estimating  Atmospheric  Transport 
and  Dispersion  of  Gaseous  Effluents  in  Routine  Releases  From  Light- 
Water-Cooled  Reactors  (Revision  1,  July  1977)  (NRC,  1977c) . 

5.  Regulatory  Guide  1.112 — Calculation  of  Releases  of  Radioactive 
Materials  in  Gaseous  and  Liquid  Effluents  From  Light -Water-Cooled 
Power  Reactors  (Revision  O-R,  May  1977)  (NRC,  1976b) . 

6.  Regulatory  Guide  1.113 — Estimating  Aquatic  Dispersion  of  Effluents 
From  Accidental  and  Routine  Reactor  Releases  for  the  Purpose  of 
Implementing  Appendix  I  (Revision  1,  April  1977)  (NRC,  1977b) . 

7.  Safety  Series  No.  60 — Criteria  for  Underground  Disposal  of  Solid 
Radioactive  Waste  (IAEA,  1983b) . 

8.  Safety  Series  No.  68 — Performance  Assessment  for  Underground  Radio- 
active Waste  Disposal  Systems  (IAEA,  1985) . 

9.  DOE/EP-0023 — A  Guide  for  Environmental  Radiological  Surveillance  at 
U.S.  Department  of  Energy  Installations  (July  1981)  (Corley  and 
Denham,  1981) . 

10.  DOE/EP-0096 — A  Guide  for  Effluent  Radiological  Measurements  at  DOE 
Installations  (April  1982)  (Corley  and  Corbit,  1983) . 

Performance  evaluation  for  compliance  with  goals.   The  remainder  of 
Figure  8.3.5.3-2  deals  with  the  final  evaluation  of  the  results  documented  in 
the  public  radiological  safety  assessment  package.   The  results  are  compared 
with  the  regulatory  limits  contained  in  the  regulations  listed  earlier  in  the 
section  called  "Regulatory  basis  for  addressing  this  issue."  If  all  the 
limits  are  met,  then  the  results  are  examined  to  see  if  the  ALARA  criterion 
has  been  met.   If  both  the  regulatory  limits  and  the  ALARA  criterion  have 
been  met  and  if  the  design  is  in  the  final  design  phase,  then  the  design  is 
ready  for  license  application  and  a  favorable  issue  resolution  has  been 
achieved.   If  both  the  regulatory  limits  and  the  ALARA  criterion  have  been 
met  but  the  design  is  not  in  the  final  design  phase,  then  this  process  is 
repeated  for  the  next  design  phase. 

If  the  results  of  the  public  radiological  safety  assessment  package  do 
not  meet  either  the  regulatory  limits  or  the  ALARA  criterion,  then  design, 
procedural,  or  operational  changes  are  recommended  to  correct  the  situation. 
If  these  changes  cannot  be  made  and  the  performance  goals  cannot  be  reason- 
ably changed,  then  an  unfavorable  resolution  of  the  issue  has  occurred. 
However,  if  the  design,  procedural,  or  operational  changes  can  be  made  or  the 
performance  goals  can  be  reasonably  changed,  then  the  recommended  changes  are 
implemented  and  the  whole  process  is  repeated. 
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Interrelationships  of  information  needs 

The  questions  asked  by  this  issue  address  the  radiological  health  and 
safety  of  the  public.   The  basic  question  is  will  the  expected  doses  to  the 
public  be  within  the  regulatory  limits  contained  in  10  CFR  Part  20  and  40  CFR 
Part  191  Subpart  A?  The  resolution  of  this  issue  can  be  obtained  by  answer- 
ing three  other  questions.   These  questions  are  as  follows: 

1.  What  site  and  design  information  is  required  to  predict  the  expected 
radiation  doses  to  the  public  from  the  normal  operation  of  the 
repository  and  nearby  uranium  fuel  cycle  facilities? 

2.  What  are  the  projected  releases  of  radioactive  material  from  the 
normal  operations  of  repository  and  nearby  uranium  fuel  cycle  facil- 
ities that  could  be  transported  to  the  unrestricted  area  and  cause 
radiation  doses  to  the  public? 

3.  Are  the  combined  radiation  doses  to  the  public  resulting  from  the 
projected  releases  of  radioactive  material  from  the  normal  opera- 
tions of  the  repository  and  nearby  uranium  fuel  cycle  facilities 
within  applicable  limits? 

These  questions  have  been  designated  as  information  needs.  Questions  1, 
2,  and  3  are  Information  Needs  2.1.1,  2.1.2,  and  2.1.3,  respectively.  All 
site  data  required  to  perform  the  dose  calculations  and  assessments  are  col- 
lected under  Information  Need  2.1.1.   Information  Needs  2.1.2  and  2.1.3  use 
the  data  called  for  by  Information  Need  2.1.1  to  perform  the  release  deter- 
minations, radionuclide  transport  calculations,  and  public  dose  assessment, 
but  do  not  collect  any  site  data  on  their  own.   For  this  reason,  only  Infor- 
mation Need  2.1.1  is  discussed  in  this  report.   The  functions  and  performance 
measures  (associated  with  the  MGDS  system  elements)  necessary  for  answering 
these  two  questions  and  resolving  issue  are  listed  in  Table  8.3.5.3-1.   The 
site  data  needed  to  answer  these  two  questions  are  listed  in  Table  8.3.5.3-2. 
Information  Needs  2.1.2  and  2.1.3  (together  with  Issue  2 . 1  in  its  entirety) 
will  be  discussed  in  the  repository  design  plan  (RDP) .   The  RDP  will  be 
published  approximately  one  year  after  publication  of  the  SCP . 

Information  Need  2.1.1  (Section  8.3.5.3.1)  describes  the  site  and  design 
information  required  to  resolve  this  issue.   The  detailed  site  data  needed  is 
shown  in  Table  8.3.5.3-2,  along  with  an  indication  of  the  confidence  with 
which  the  information  must  be  known.  The  design  information  required  is  not 
listed  in  any  detail  at  this  point.   It  is  sufficient  to  say  that  the  repos- 
itory reference  design  and  supporting  analyses  will  be  required. 

Information  Need  2.1.2  is  a  determination  of  the  expected  releases  of 
radioactive  materials  from  the  repository  during  normal  operations.   Included 
in  this  information  need  are  the  releases  of  radioactive  materials  from 
nearby  uranium  fuel  cycle  facilities.  Releases  from  the  repository  will  be 
determined  from  the  reference  repository  design  and  supporting  analyses.  A 
brief  discussion  of  some  of  the  processes  is  presented  previously  under  de- 
sign evaluation.   Information  on  releases  from  nearby  uranium  fuel  cycle 
facilities  will  be  collected  as  part  of  site  characterization  and  a  determi- 
nation of  the  expected  releases  from  these  facilities  will  be  performed  as 
part  of  this  information  need. 
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Information  Need  2.1.3  is  a  determination  of  whether  predicted  doses  to 
the  public  resulting  from  the  expected  releases  of  radioactive  materials  are 
within  applicable  limits  or  a  small  fraction  of  those  limits.  As  described 
earlier  in  the  section  called  public  radiologic  safety  assessment  package, 
the  doses  to  the  public  are  predicted  using  radionuclide  transport  and  dis- 
persion models  to  estimate  the  amounts  of  radionuclides  that  eventually  reach 
the  public.  The  final  resolution  of  this  issue  will  take  place  under  this 
information  need  when  the  results  of  the  dose  calculations  are  evaluated  and 
compared  with  the  regulatory  limits  contained  in  10  CFR  Part  20  and  40  CFR 
Part  191  Subpart  A. 


8.3.5.3.1  Information  Need  2.1.1:   Site  and  design  information  needed  to 
assess  preclosure  radiological  safety 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Chapter  3  discusses  the  present  state  of  the  knowledge  on  the  site  hy- 
drology, including  uses  of  surface  water  and  ground  water.   Chapter  4  dis- 
cusses the  water  chemistry  of  the  site.   Section  4.1.2.6  (background  radio- 
activity (of  repository  ground  water) ) ,  contains  a  discussion  on  what  is 
known  about  the  radionuclide  content  of  repository  ground  water  to  date. 
Chapter  5  discusses  the  present  state  of  the  knowledge  on  the  meteorology  of 
the  site  and  surrounding  region.   Further  discussions  on  the  subject  of 
radiological  protection  of  the  public  may  be  found  in  Sections  6.1.1.4.1 
(radiological  protection  design  reguirements)  and  6.4.4  (Issue  2.1:   radio- 
logical exposure  expected  to  public).   Section  8.3.5.1  discusses  the  preclo- 
sure risk  assessment  methodology  (PRAM)  program,  which  includes  radiological 
risk  to  the  public  during  normal  operations  as  part  of  its  scope.   Sec- 
tions 2.5  (radiological  protection)  and  6.1  (radioactive  releases  during 
normal  operations)  of  the  site  characterization  plan-conceptual  design  report 
(SCP-CDR)  (SNL,  1987)  also  contain  discussions  relevant  to  this  issue. 
Section  6.1  of  the  SCP-CDR  is  especially  informative  because  it  contains  some 
preliminary  estimates  of  expected  releases  during  normal  operations  of  the 
repository. 

Parameters 

The  parameters  reguired  by  this  information  need  are  those  site  and 
design  parameters  relevant  to  the  determination  that  the  expected  doses  to 
the  public  are  within  applicable  limits.   Design  information  reguired  for 
this  purpose  is  listed  in  Table  8.3.5.3-2  simply  as  the  reference  repository 
design  and  supporting  analyses.   Reference  repository  design  information  and 
supporting  analyses  will  be  obtained  from  the  reference  information  base 
(RIB)  and  will  contain  all  design  details  necessary  to  perform  the  dose 
calculations  to  resolve  this  issue. 

The  site  data  reguired  to  resolve  this  issue  are  obtained  through  var- 
ious site  characterization  programs.   Following  is  a  summary  table  of  the 
reguired  site  data  and  the  SCP  section  providing  the  information. 
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Data  requirement  SCP  section 

POPULATION  DENSITY  DATA 

Distance  of  the  repository  from  highly  populated  areas  (a) 

Population  located  in  adjacent  1-mile  by  1-mile  area  (a) 

Population  density  of  the  region  around  the  repository  (a) 

AGRICULTURAL  DATA 

Bioaccumulation  of  radionuclides  in  the  terrestrial  flora           (a) 

Bioaccumulation  of  radionuclides  in  the  terrestrial  fauna           (a) 

Types  and  amounts  of  crops  raised  (a) 

Types  and  amounts  of  crops  consumed  (a) 

Types  and  amounts  of  animals  raised  (a) 

Types  and  amounts  of  meat  consumed  (a) 

Animal  consumption  of  forage  (a) 

Forage  storage  time  (a) 

Grazing  yield  and  period  (a) 

Radius  of  the  crop  and  animal  area  (a) 

SURFACE-WATER  DATA 

Volumetric  flow  of  surface  water  to  water  bodies  (a) 

Population  served  and  the  volumetric  flow  of  drinking  (a) 
water  from  affected  water  bodies 

Recreational  uses  of  area  water  bodies  (a) 

METEOROLOGICAL  DATA 

Wind  speeds  in  the  region  8.3.1.12.1 

Prevailing  wind  directions  8.3.1.12.2 

Atmospheric  stability  of  the  area  8.3.1.12.2 
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Data  requirement 


SCP  section 


METEOROLOGICAL  DATA  (continued) 
Atmospheric  mixing  layer  depth  of  the  region 
Average  ambient  temperature  of  the  area 
Atmospheric  moisture  of  the  area 


Area  precipitation,  including  type,  amount, 
intensity,  etc. 

Size  and  distance  of  major  topographic  features 
from  release  points 


8.3.1.12.2 
8.3.1.12.2 
8.3.1.12.2 
8.3.1.12.2 


Existing 
data 

should  be 
adequate 


REPOSITORY  ROCK  DATA 
Radon  emanation  rate  from  the  tuff 


3.1.15.1.6.2 


OFFSITE  INSTALLATION  DATA 

Location  of  nearby  uranium  fuel  cycle  facilities 

Liquid,  particulate,  and  gaseous  radionuclide 

releases  from  nearby  uranium  fuel  cycle  facilities 

Meteorological  data  for  nearby  uranium  fuel  cycle 
facilities 


.3.1.13.1.2 
.3.1.13.1.3 


.3.1.12.1, 
8.3.1.12.2 


Collection  of  these  data  is  part  of  the  environmental  program  planned 
activities  and  is  addressed  in  the  Radiological  Monitoring  Plan  discussed  in 
Section  8.3.1.13. 


this  Table  summarizes  information  listed  in  Table  8.3.5.3-2,  which  was  also 
discussed  earlier. 

As  shown  in  Table  8.3.5.3-2,  these  parameters  are  needed  with  differing 
levels  of  confidence  and  for  different  locations  on  and  around  the  site. 
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Logic 

The  assessment  of  the  preclosure  radiological  safety  of  the  public  under 
normal  repository  conditions  requires  a  thorough  understanding  of  the  repos- 
itory design  and  operating  procedures.   This  information  is  obtained  from  the 
repository  reference  design  and  supporting  analyses.   The  radiation  source 
terms  can  be  developed  from  the  design,  the  repository  rock  and  water  data, 
and  the  off site  installation  data.  After  developing  the  source  terms,  calcu- 
lations of  radionuclide  transport  through  the  atmosphere  and  other  environ- 
mental pathways  are  performed.   These  calculations  require  the  agricultural 
and  meteorological  data.   Finally,  to  assess  the  doses  to  the  public,  the 
population  density  data  are  needed.  A  more  detailed  discussion  of  the  dose 
assessment  process  is  presented  earlier  in  the  section  called  "public  radio- 
logical safety  assessment  package." 

The  activities  described  here  are  related  to  all  of  this  issue  and  not 
just  to  Information  Need  2.1.1.   Three  distinct  activities  are  planned  under 
this  information  need  during  site  characterization  in  support  of  performance 
analyses  for  public  radiological  safety.   The  first  activity  concerns  the 
refinement  of  site  parameters  needs  for  this  issue.   The  second  activity 
deals  with  the  development  of  methods  to  perform  evaluations  of  public  radio- 
logical safety  and  is  connected  with  the  PRAM  program.   The  third  activity  is 
a  performance  assessment  of  public  radiological  safety  for  the  advanced 
conceptual  design  (ACD) . 


8.3.5.3.1.1  Performance  Assessment  Activity  2.1.1.1:   Refinement  of  site 
data  parameters  required  for  Issue  2.1 

Objectives 

The  objective  of  this  activity  is  to  refine  the  list  of  site-data  param- 
eters presented  earlier  in  this  section  in  Table  8.3.5.3-2.  This  list  may  be 
incomplete  or  the  level  of  confidence  required  may  be  inappropriate. 

Parameters 

The  list  of  parameters  presented  in  Table  8.3.5.3-2  is  the  starting 
point  for  this  activity.  As  the  activity  progresses  and  matures,  parameters 
may  be  added  to  or  deleted  from  this  list. 

Description 

There  are  three  ways  in  which  the  parameter  list  will  be  refined. 
First,  during  the  course  of  site-characterization  reviews  and  activities  by 
those  organizations  specified  to  collect  data  will  discover  problems  with 
parameter  lists.   These  problems  will  be  resolved  and  parameter  lists  will  be 
revised.   Second,  the  PRAM  program  will  be  developing  methods  for  radiologi- 
cal performance  analyses  (Performance  Assessment  Activity  2.1.1.2,  Sec- 
tion 8.3.5.3.1.2).  During  the  development  of  these  methods,  lists  of  re- 
quired parameters  for  each  type  of  analysis  are  expected  to  be  created.  A 
review  of  the  parameter  list  resulting  from  PRAM  methods  development  activi- 
ties may  result  in  refinement  of  the  Issue  2.1  parameter  list.   Finally,  a 
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performance  assessment  of  the  ACD  and  license  application  design  (LAD)  for 
public  radiological  safety  may  uncover  deficiencies  in  the  current  parameter 
list.   This  is  an  ongoing  activity  whose  end  date  is  the  completion  of  the 
license  application. 


8.3.5.3.1.2  Performance  Assessment  Activity  2.1.1.2:  Development  of 

performance  assessment  activities  through  the  preclosure  risk 
assessment  methodology  program 

Objectives 

The  objective  of  this  activity  is  to  benefit  from  the  PRAM  program  per- 
formance assessment  methods  development  efforts.   The  Yucca  Mountain  Project 
will  participate  in  the  PRAM  program  and  will  adapt  PRAM  program  to  the  Yucca 
Mountain  program.  A  secondary  objective  of  this  activity  is  to  use  the  in- 
formation developed  in  this  activity  to  assist  in  refining  the  site  data 
parameters  list  for  this  issue  (Performance  Assessment  Activity  2.1.1.1). 

Parameters 

There  are  presently  no  parameters  for  this  activity;  however,  a  list  of 
parameters  may  result  from  the  PRAM  program  development. 

Description 

A  part  of  PRAM  will  be  concerned  with  the  assessment  of  public  radio- 
logical safety  during  the  normal  operations  of  a  repository.   The  Yucca 
Mountain  Project  will  participate  in  this  program  and  assist  in  the  develop- 
ment of  the  overall  methodology.  Methods  developed  in  the  PRAM  program  will 
be  adapted  for  use  in  the  Yucca  Mountain  Project  assessment  of  public  radio- 
logical safety  during  the  normal  operations  of  the  Yucca  Mountain  repository 
(Performance  Assessment  Activity  2.1.1.3).   Since  the  PRAM  program  is  ex- 
pected to  continue  through  license  application  design,  this  activity  will  be 
ongoing  through  license  application.  A  more  detailed  discussion  of  the  PRAM 
program  is  presented  in  Section  8.3.5.1. 


8.3.5.3.1.3  Performance  Assessment  Activity  2.1.1.3:  Advanced  conceptual 
design  assessment  of  the  public  radiological  safety  during  the 
normal  operations  of  the  Yucca  Mountain  repository 

Objectives 

The  objective  of  this  activity  is  to  perform  a  public  radiological 
safety  assessment  of  the  Yucca  Mountain  repository  advanced  conceptual 
design.   Secondary  objectives  of  this  activity  are  to  provide  information  for 
the  refinement  of  the  site  data  parameter  list  for  Issue  2.1  (Performance 
Assessment  Activity  2.1.1.1)  and  to  provide  feedback  to  the  PRAM  program  for 
future  methods  development  activities  (Performance  Assessment  Activ- 
ity 2.1.1.2)  . 


3.5.3-24 


CEMBER  1988 

rameters 

The  parameters  necessary  for  this  activity  are  those  listed  in  the  site 
ta  parameter  list  for  Issue  2.1  presented  in  Table  8.3.5.3-2. 

'Scription 

This  activity  will  assess  the  Yucca  Mountain  repository  advanced  concep- 
lal  design  for  public  radiological  safety  during  normal  operations.  A 
meral  description  of  the  process  presented  earlier  in  this  section  under 
mblic  radiological  safety  assessment  package." 


3.5.3.1.4  Application  of  results 

The  information  generated  by  this  information  need  will  be  used  directly 
r  Information  Needs  2.1.2  and  2.1.3  to  resolve  this  issue.   Information 
ieds  2.1.2  and  2.1.3  (together  with  this  issue  in  its  entirety)  will  be  dis- 
lssed  in  the  repository  design  plan.   Issues  2.2,  2.3,  and  2.7  (Sec- 
.ons  8.3.5.4,  8.3.5.5,  and  8.3.2.3)  may  require  some  of  the  same  site  data 
>  called  for  here;  however,  those  issues  will  call  for  their  own  site  data. 
le  results  of  the  safety  assessments  performed  to  resolve  this  issue  will  be 
;ed  in  the  preparation  of  the  safety  analysis  report,  which  will  be  a  part 
.  the  license  application. 


.3.5.3.2  Schedule  for  public  radiological  exposures — normal  conditions 
(Issue  2.1) 

Issue  2.1  (public  radiological  exposures — normal  conditions)  includes 
le  information  need,  which  contains  three  performance  assessment  activities. 
ie  schedule  information  for  these  performance  assessment  activities  is  sum- 
irized  in  Figure  8.3.5.3-3.   This  figure  includes  the  performance  assessment 
:tivity  number  and  a  brief  description,  as  well  as  major  events  associated 
.th  each  activity.  A  major  event,  for  purposes  of  these  schedules,  may 
present  the  initiation  or  completion  of  an  activity,  completion  or  sub- 
•ttal  of  a  report  to  the  DOE,  an  important  data  feed,  or  a  decision  point. 
>lid  lines  on  the  schedule  represent  activity  durations  and  dashed  lines 
iow  interfaces  among  activities  as  well  as  data  transferred  into  or  out  of 
is  performance  assessment  issue.   The  events  shown  on  the  schedule  and 
eir  planned  dates  of  completion  are  provided  in  Table  8.3.5.3-3. 

The  activity-level  schedules,  in  combination  with  information  provided 
:  the  logic  diagrams  for  this  issue  (Figures  8.3.5.3-1  and  8.3.5.3-2),  are 
:  tended  to  provide  the  reader  with  a  basic  understanding  of  the  relation- 
rips  between  major  elements  of  the  site,  performance,  and  design  programs, 
■s  information  provided  in  Table  8.3.5.3-3  and  Figure  8.3.5.3-3,  however, 
■3uld  be  viewed  as  a  snapshot  in  time. 

IThe  overall  program  schedule  presented  here  is  consistent  with  the  Draft 
Ssion  Plan  Amendment  (DOE,  1988a) .   The  site  characterization  program  will 
iergo  a  series  of  refinements  following  issuance  of  the  statutory  SCP . 
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Refinements  will  consider  factors  both  internal  and  external  to  the  site 
characterization  program,  such  as  changes  to  the  quality  assurance  program. 
Such  refinements  are  to  be  considered  in  ongoing  planning  efforts,  and 
changes  that  are  implemented  will  be  reflected  in  the  semiannual  progress 
reports.   Summary  schedule  information  for  this  and  other  preclosure 
performance  assessment  issues  can  be  found  in  Sections  8.5.2.1  and  8.5.6. 
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8.3.5.4  Issue  resolution  strategy  for  Issue  2.2:   Can  the  repository  be 
designed,  constructed,  operated,  closed,  and  decommissioned  in  a 
manner  that  ensures  the  radiological  safety  of  workers  under  normal 
operations  as  reguired  by  10  CFR  60.111,  and  10  CFR  Part  20? 

This  performance  issue  addresses  the  radiological  safety  of  workers 
during  normal  operations.  To  resolve  this  issue,  the  mined  geologic  disposal 
system  (MGDS)  at  Yucca  Mountain  will  be  designed  to  limit  the  normal  radia- 
tion doses  to  workers  during  construction,  operation,  closure,  and  decommis- 
sioning of  the  repository  to  less  than  the  limits  specified  in  10  CFR  Part 
20.  The  design  process  will  be  an  iterative  process  as  the  design  proceeds 
through  the  various  phases.  Design  criteria  and  assumptions  will  be  needed 
for  both  repository  system  operation  and  worker  radiation  safety.  Many  of 
the  same  parameters  will  apply  to  both  areas  and  require  appropriate  input 
from  design  development.   Further,  the  regulatory  requirement  to  maintain 
radiation  doses  as  low  as  reasonably  achievable  (ALARA)  imposes  additional 
iterations  on  the  design  to  implement  the  differential  cost-benefit  analyses 
for  the  ALARA  process.   In  these  iterative  design  activities,  DOE  and  other 
guidelines  will  be  used  in  designing  for  repository  worker  radiation  safety. 
Administrative  procedures  will  be  required  to  limit  personnel  exposure  (e.g., 
personnel  monitoring,  limited  access,  and  operational  changes)  for  any  opera- 
tional activities  for  which  design  features  are  not  able  to  preclude  the 
possibility  of  dose  rates  to  personnel  above  the  guidelines. 

The  relationship  of  this  issue  with  the  other  issues  of  the  issues  hier- 
archy is  discussed  in  Section  8.3.2.1.   That  section  discusses  the  relation- 
ship between  design  and  performance  issues  and  fixes  the  lines  of  communica- 
tion between  these  issues.  To  be  more  specific  about  the  relationship  of 
this  issue  to  the  other  issues  with  which  it  has  direct  or  very  strong  ties, 
only  Issues  2.1  (Section  8.3.5.3),  2.2  (this  issue),  2.3  (Section  8.3.5.5), 
2.7  (Section  8.3.2.3),  and  4.4  (Section  8.3.2.5)  are  illustrated  in  Figure 
8.3.5.4-1.  The  figure  defines  the  ties  between  these  issues  by  indicating 
the  major  information  items  passed  between  them.   The  figure  also  illustrates 
the  connection  of  all  these  issues  with  the  site  characterization  program. 
The  scope  of  an  issue  is  indicated  by  its  size  with  respect  to  the  other 
issues  in  the  figure.  Note  that  Issue  4.4  is  the  largest  in  scope,  and  the 
other  issues,  including  this  issue,  branch  out  from  Issue  4.4,  reducing  the 
scope  to  more  specific  areas. 

In  the  discussion  that  follows  in  this  section,  the  regulatory  basis  for 
addressing  this  issue  is  presented,  the  approach  to  resolving  this  issue  is 
described,  and  the  interrelationships  among  the  information  needs  are  dis- 
cussed. The  schedule  information  for  Issue  2.2  (worker  radiological  safety 
—  normal  conditions)  is  given  in  Section  8.3.5.4.3. 

Regulatory  basis  for  the  issue 

While  the  issue  refers  to  both  10  CFR  60.111(a)  and  10  CFR  Part  20, 
10  CFR  60.111(a)  simply  refers  to  10  CFR  Part  20  and  40  CFR  Part  191  Sub- 
part A.  Because  40  CFR  Part  191  Subpart  A  is  only  applicable  to  members  of 
the  public,  10  CFR  Part  20  (standards  for  protection  against  radiation)  is 
the  only  regulation  directly  relevant  to  this  issue.   In  addition,  there  are 
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other  sections  of  10  CFR  Part  60  that  either  require  conformance  with  10  CFR 
Part  20  or  for  which  compliance  with  10  CFR  Part  20  is  relevant.   These 
include  the  following: 

1.  10  CFR  60.21(c)  (7),  which  requires  description  of  the  program  to 
maintain  effluents  and  occupational  exposures  in  accordance  with 
10  CFR  Part  20. 

2.  10  CFR  60.131,  which  requires  the  design  to  meet  the  radiation 
protection  requirements  of  10  CFR  Part  20. 

3.  10  CFR  60.132,  which  requires  the  design  to  provide  effluent  control 
and  monitoring  in  accordance  with  10  CFR  60.111(a),  which  in  turn 
invokes  10  CFR  Part  20. 

4.  10  CFR  60.133,  which  requires  the  underground  ventilation  system  to 
maintain  radionuclide  concentrations  and  releases  in  accordance  with 
10  CFR  60.111(a)  (which  invokes  10  CFR  Part  20). 

Detailed  discussions  of  these  sections  of  10  CFR  Part  60  can  be  found 
with  the  issue  resolution  strategies  for  Issue  2.7  (repository  design  cri- 
teria for  radiological  safety,  Section  8.3.2.3)  and  Issue  2.6  (preclosure 
waste  package  characteristics,  Section  8.3.4.3).  Additional  guidance  that 
will  be  evaluated  for  relevance  to  this  issue  includes  the  following: 

1.  Regulatory  Guide  8.10 — Operating  Philosophy  for  Maintaining  Occupa- 
tional Radiation  Exposures  as  Low  as  is  Reasonably  Achievable 
(NRC,  1975) . 

2.  Regulatory  Guide  8.12 — Criticality  Accident  Alarm  System  (NRC, 
1981a) . 

3.  Regulatory  Guide  8.15 — Acceptable  Programs  for  Respiratory  Protec- 
tion (October  1976)  (NRC,  1976a)  . 

4.  DOE  Order  5480.11,  Chapter  11 — Radiation  Protection  Requirements 
(September  28,  1986)  (DOE,  1985c)  . 

5.  DOE  Order  6430.1 — General  Design  Criteria  Manual  (December  1983) 
(DOE,  1983a)  . 

6.  3  CFR — Radiation  Protection  Guidance  to  Federal  Agencies  for 
Occupational  Exposure  (Recommendations  Approved  by  the  President) . 
(3  CFR,  1987)  . 

7.  ICRP  26  and  30 — Recommendations  of  the  International  Commission  on 
Radiation  Protection  (ICRP,  1977;  1978) . 

8.  NUREG/CR  3254 — Licensee  Programs  for  Maintaining  Occupational 
Exposure  to  Radiation  ALARA  (Munson,  1983)  . 

9.  DOE/EV/1830-T5--A  Guide  to  Reducing  Radiation  Exposure  to  As  Low  As 
Reasonably  Achievable  (ALARA)  (Kathren  et  al.,  1980). 
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10  CFR  Part  20  specifies  the  regulatory  requirements  for  control  of 
occupational  radiation  exposure.  The  concept  and  application  of  ALARA  also 
applies  to  worker  radiation  exposure.   In  addition  to  the  requirements  that 
worker  doses  be  maintained  less  than  regulatory  limits  and  conform  to  an 
ALARA  philosophy,  design  guidelines  are  generally  established  at  a  fraction 
of  the  limits  to  ensure  that  necessary  operations  can  be  performed  and  occu- 
pational doses  maintained  below  allowable  limits.  The  establishment  of 
design  criteria  for  radiological  safety  is  performed  under  Issue  2.7,  which 
uses  the  performance  criteria  established  in  this  issue  to  develop  the  design 
criteria. 

10  CFR  Part  20  and  Part  60  also  require  a  performance  verification  pro- 
gram during  repository  operations  that  ensures  area  radiation  levels,  air- 
borne activity  concentrations,  contamination  levels,  and  criticality  controls 
are  known  and  routinely  verified.   These  operational  requirements  necessitate 
including  systems  to  perform  the  verification  of  the  design  and  operation  of 
the  facility.  To  ensure  that  the  occupational  radiation  doses  from  the  oper- 
ation of  the  repository  are  less  than  the  allowable  levels,  regulatory  re- 
quirements must  be  known,  both  by  designers  to  produce  a  design,  and  by  eval- 
uators  to  ensure  that  requirements  are  met. 

The  10  CFR  Part  20  and  Part  60  requirements  for  verification  of  radio- 
logical performance  necessitate  special  considerations  for  radiation  measur- 
ing and  monitoring  systems.   These  requirements  include  "each  licensee  shall 
make  or  cause  to  be  made  such  surveys  as  (1)  may  be  necessary  for  the  li- 
censee to  comply  with  the  regulations  in  this  part,  and  (2)  are  reasonable 
under  the  circumstances  to  evaluate  the  extent  of  radiation  hazards  that  may 
be  present,"  "means  to  monitor  and  control  the  dispersal  of  radioactive  con- 
tamination," "a  radiation  alarm  system  to  warn  of  significant  increases  in 
radiation  levels,  concentrations  of  radioactive  material  in  air,  and  of  in- 
creased radioactivity  in  effluents,"  and  "the  effluent  monitoring  systems 
shall  be  designed  to  measure  the  amount  and  concentration  of  radionuclides  in 
any  effluent  with  sufficient  precision  to  determine  whether  releases  conform 
to  the  design  requirements  for  effluent  control."  Radiological  measurement 
and  monitoring  systems  that  will  be  required  for  performance  verification 
include  air  monitoring  systems,  criticality  monitoring  systems,  gaseous  ef- 
fluent monitoring  and  sampling  systems,  liquid  effluent  monitoring  and  sam- 
pling systems,  and  personnel  monitoring  systems ,  The  criteria  for  the 
testing,  operation,  and  performance  of  these  systems  are  found  in  documents 
issued  by  the  various  organizations  and  government  agencies  setting  the 
standards. 

In  addition  to  complying  with  10  CFR  Part  20,  the  DOE  has  voluntarily 
agreed  to  comply  with  the  radon  monitoring  and  control  provisions  established 
by  the  Mine  Safety  and  Health  Administration  in  30  CFR  Part  57.   To  ensure 
adequate  protection  of  repository  workers,  the  contribution  of  radon  and  its 
daughter  products  to  occupational  exposure  will  be  considered  in  assessing 
compliance  with  the  applicable  standards  of  10  CFR  Part  20. 
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Approach  to  resolving  the  issue 

Licensing  strategy  overview 

The  repository  will  be  designed  to  limit  the  expected  radiation  doses  to 
workers  during  construction,  operation,  and  closure  as  low  as  reasonably 
achievable  (ALARA)  below  allowable  limits  required  by  10  CFR  Part  20.  To 
ensure  that  the  occupational  exposure  limits  are  met,  design  guidelines  in 
the  form  of  performance  goals  will  be  specified  in  this  issue  and  transmitted 
to  Issue  2.7,  where  radiological  safety  design  criteria  will  be  developed 
based  on  these  design  guidelines.   The  design  criteria  will  specify  dose 
rates  in  normally  occupied  areas  and  annual  individual  dose  limits  from  pene- 
trating radiation.   The  design  criteria  will  also  specify  airborne  radio- 
activity concentration  limits  in  normally  occupied  areas.   For  some  opera- 
tional activities,  design  features  may  not  be  able  to  preclude  the  possibil- 
ity of  dose  rates  to  personnel  above  the  guidelines.   In  these  instances,  ad- 
ministrative procedures  will  be  required  to  limit  personnel  exposure. 

The  personnel  exposure  performance  verification  systems,  which  will  be 
designed  and  constructed  to  comply  with  10  CFR  Part  20  and  Part  60  require- 
ments, will  be  used  during  operations  to  ensure  that  the  as-built  repository 
systems  will  meet  regulatory  dose  limits.   Performance  verification  monitor- 
ing will  provide  the  mechanism  for  corrective  actions,  either  operational  or 
design,  and  will  ensure  successful  compliance.   The  provisions  of  the  per- 
formance verification  process  significantly  enhance  the  probability  of 
successfully  resolving  this  issue. 

Resolution  of  this  issue  will  occur  when  assurance  is  established  that 
the  repository  can  be  designed,  constructed,  operated,  closed,  and  decommis- 
sioned in  a  manner  that  provides  for  the  radiological  safety  of  workers  under 
normal  operations.  This  will  be  done  by  detailed  analysis  of  the  design  and 
quantification  of  expected  worker  doses. 

This  strategy  is  not  based  on  prior  numerical  evaluations  of  worker 
exposure  since  the  actual  operations  of  the  repository  are  only  conceptual. 
However,  since  there  is  currently  considerable  design  flexibility  available 
in  terms  of  remote  operations,  shielding,  restricted  access  procedural  con- 
trols, etc.,  and  since  more  significant  operations  already  exist  within  the 
nuclear  industry,  it  is  expected  that  the  radiation  limits  of  the  regulations 
can  be  met. 

Application  of  the  issue  resolution  strategy 

The  logic  to  be  used  in  the  resolution  of  this  issue  is  illustrated  in 
the  logic  diagram  shown  in  Figure  8.3.5.4-2a  and  8.3.5.4-2b.  This  logic 
diagram  depicts  how  the  generic  issue  resolution  strategy  of  Section  8.2.2  is 
to  be  applied  to  this  issue.   The  first  step  of  the  process,  identifying 
regulatory  requirements,  has  already  been  discussed  in  the  section  entitled 
"regulatory  basis  for  the  issue."  The  following  discussions  will  explain 
each  of  the  remaining  steps  in  the  resolution  of  this  issue  as  shown  in  the 
logic  diagram. 
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Figure    8.3.5.4-2a.       Logic   diagram  for   Issue   2.2  (worker  radiological   safety-normal  conditions)       See    Figure 
8  3  5  4-2b  for  legend     Section  8.3.2.1  describes  the  relationships  and  interfaces  between  design  and  performance 
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Figure  8.3.5.4  2b        Legend  for  Figure  8  3  5  4-2a 
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Identification  of  functional  requirements.   To  allocate  performance  in 
this  issue  to  specific  system  elements  of  the  mined  geologic  disposal  system 
(MGDS)  at  Yucca  Mountain,  the  functions  of  these  system  elements  with  respect 
to  this  issue  and  to  the  radiological  safety  of  the  repository  workers  must 
be  identified.  The  preclosure  portion  of  the  MGDS  is  divided  into  three 
major  system  elements:  the  site,  the  repository,  and  the  waste  package.  The 
waste  package  will  not  be  considered  by  itself  in  allocating  performance  for 
this  issue  but  will  be  considered  in  Section  8.3.4.  The  waste  package  will 
be  considered  as  part  of  the  repository  system  element  equipment.  The  major 
system  elements  are  further  subdivided  into  more  specific  system  elements; 
however,  for  resolving  this  issue,  only  the  site  need  be  divided  further. 
The  site  is  divided  into  two  systems  elements:  the  surface  and  the  sub- 
surface. The  following  sections  describe  each  of  these  system  elements  and 
their  function  with  respect  to  this  issue. 

Surface  system  element.  The  surface  system  element  includes  all 
radionuclide  transport  mechanisms  which  affect  the  occupational  exposure  of 
repository  workers.   Because  of  the  proximity  of  the  repository  workers  to 
the  source,  only  the  atmospheric  transport  mechanisms  are  important.   The 
main  processes  involved  are  the  physical  transport,  dispersion,  and  deposi- 
tion of  potential  releases  of  radionuclides  within  the  site  boundary. 

Subsurface  system  element.  The  subsurface  system  element  includes 
the  natural  systems  of  the  site  that  have  a  potential  to  impact  the  radio- 
logical safety  of  the  repository  workers  while  in  the  underground  facilities. 
The  natural  radioactivity  in  the  host  rock  (i.e.,  uranium,  thorium,  and 
radon,  and  their  daughter  products)  is  a  source  that  has  the  potential  to 
increase  the  radiation  level  in  the  restricted  areas.  The  release  of  radio- 
nuclides from  the  site  system  would  result  from  mining,  transporting,  and 
storing  of  the  mined  tuff  and  of  the  mine  dewatering  processes  (if  any) . 
These  sources  are  not  expected  to  be  significant.  Note  that  exposure  to 
naturally  occurring  radionuclides  is  not  specifically  regulated  under  10  CFR 
Part  20.  However,  prudence  dictates  that  total  worker  exposure  be  monitored 
and  controlled  through  the  implementation  of  applicable  Mine  Safety  and 
Health  Administration  regulations  (30  CFR  57)  and  DOE  orders. 

Repository  system  element.  The  repository  system  element  includes 
all  surface  and  subsurface  systems  that  can  be  sources  of  man-made  radiation 
exposure  in  the  restricted  area.  The  principal  source  of  exposure  to  radia- 
tion in  the  repository  system  element  is  expected  to  be  from  high-level  waste 
(HLW)  handling  operations.   For  these  operations,  the  dominant  source  of  oc- 
cupational exposure  is  expected  to  be  penetrating  radiation  (gamma  rays  and 
neutrons)  emitted  by  the  radioactive  constituents  of  HLW.   Exposure  to  radi- 
ation fields  can  be  reduced  by  shielding  or  by  limiting  occupancy  in  the  af- 
fected areas.  These  factors,  among  others,  such  as  remote  operation,  will  be 
considered  in  analysis  of  the  repository  design  when  recommendations  are  made 
for  alternative  means  of  meeting  the  performance  goals  for  this  issue  and  re- 
ducing the  occupational  exposures  to  ALARA  levels. 

Secondary  radioactive  wastes  that  will  be  generated  on  the  site  and 
processed  by  the  waste  treatment  systems  are  another  source  of  occupational 
exposure  in  the  repository  system  element.   The  dominant  mode  of  exposure  to 
these  sources  is  expected  to  be  external  exposure  to  the  resultant  radiation 
fields.  As  with  the  waste  handling  operations,  the  waste  treatment  system 
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design  will  be  periodically  analyzed  and,  if  necessary,  modified  to  ensure 
that  occupational  exposure  will  be  adequately  controlled. 

In  addition  to  external  exposure  from  the  contained  sources  discussed 
above,  there  is  a  potential  for  internal  exposure  from  radionuclides  that  may 
be  released  from  containment  and  entrained  in  the  ventilation  air  flow  or 
brought  to  the  surface  by  the  mine  dewatering  system  (if  any) .  These  expos- 
ures will  be  precluded  during  normal  operations  by  measures  such  as  radiation 
monitoring  and  sampling  and  ventilation  control.   In  addition,  protective 
clothing,  and  respiratory  protection  equipment  will  be  available  for  use,  if 
necessary. 

The  construction  and  operation  of  the  repository  may  also  require  the 
use  of  radioactive  sources  not  generated  from  HLW  handling  operations.   These 
would  include  sealed  sources  used  for  the  calibration  of  health  physics  and 
radiation  monitoring  equipment  and  the  radiography  sources  used  for  nondes- 
tructive examination  of  welds  and  radioactive  sources  used  in  scientific 
investigations.   Control  of  exposure  to  these  sources  will  be  accomplished 
primarily  by  following  the  proper  operational  procedures,  instituting 
appropriate  administrative  controls  on  their  use,  and  adequate  training. 

The  last  potential  source  of  occupational  radiation  exposure  is  from  the 
decommissioning  of  the  facilities.  The  exposure  during  this  phase  of  opera- 
tion would  be  from  contaminated  and  activated  equipment,  buildings,  and  na- 
tural materials.  The  worker  dose  will  be  controlled  by  designing  the  facili- 
ties for  easy  disassembly,  control,  and  consolidation  of  contaminated  materi- 
als, and  limiting  the  generation  of  neutron  activation  products.  Note  that 
the  retrieval  of  waste  containers  is  considered  an  operation  activity. 

Allocation  of  performance  to  the  system  elements.  The  next  four  steps 
after  the  identification  of  functional  requirements  make  up  the  bulk  of  the 
performance  allocation  process.  In  these  steps  performance  measures,  per- 
formance goals,  and  needed  parameters  are  developed.  The  results  of  these 
steps  may  be  seen  in  Tables  8.3.5.4-1  and  8.3.5.4-2.  The  rationale  for  the 
assignment  of  confidence  levels  and  the  calls  for  site  data  are  presented  in 
the  information  need  discussions  following  this  discussion. 

Development  of  design  criteria  and  constraints  and  identification  of 
input  items .  The  only  constraints  on  the  design  of  the  repository  forth- 
coming from  this  issue  are  those  general  performance  goals  shown  in  Tables 
8.3.5.4-1  and  8.3.5.4-2.  These  performance  goals  are  transmitted  to  Is- 
sue 2.7  (repository  design  criteria  for  radiological  safety,  Section  8.3.2.3) 
where  specific  design  criteria  are  developed  and  transmitted  to  Issue  4.4 
(preclosure  design  and  technical  feasibility,  Section  8.3.2.5)  for  incorpora- 
tion in  the  design  of  the  repository.   Specific  design  products  or  informa- 
tion required  of  either  Issue  2.7  or  Issue  4.4  are  also  transmitted  to  Is- 
sue 2.7.  At  this  time,  no  specific  design  products  or  information  items  have 
been  identified. 

Worker  radiological  safety  assessment  package.   The  specific  analytical 
approach  for  use  in  the  resolution  of  this  issue  will  be  developed  as  part  of 
the  preclosure  risk  assessment  methodology  (PRAM)  program  described  Sec- 
tion 8.3.5.1.  Although  some  work  has  been  performed  to  obtain  preliminary 
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estimates  of  worker  doses,  the  approach  used  may  not  be  the  same  as  the  final 
technique  developed  in  the  PRAM  program.  Therefore,  only  a  general  approach, 
shown  in  Figure  8.3.5.4-2  in  the  dashed  box  labeled  "worker  radiological 
safety  assessment  package"  is  discussed  below.  The  following  discussion  pro- 
vides a  step-by-step  explanation  of  the  general  approach  to  predict  worker 
radiation  doses  during  the  normal  operation  of  the  repository. 

Design  evaluation.  The  design  package  and  site  data  are  obtained 
from  the  reference  information  base  (RIB) ,  and  the  repository  design  features 
related  to  the  radiological  safety  of  the  worker  during  normal  operations  are 
evaluated.  The  following  text  discusses  what  types  of  information  are  inves- 
tigated during  this  design  evaluation.  The  high-level  waste  (HLW)  throughput 
(schedule  and  amount  of  waste  received  per  year)  is  an  important  controlling 
factor  in  the  design  of  the  repository  process  and  storage  facilities  (e.g., 
hot  cell  structure  and  lag  storage)  and,  hence,  in  the  radiation  doses  pre- 
dicted for  workers.  Direct  radiation  that  can  be  emitted  from  the  central 
process  area  and  the  amount  of  routine  radioactive  effluents  will  be  directly 
related  to  the  amount  of  HLW  on  hand  and  being  processed.  These  sources  of 
potential  dose  to  the  workers  also  depend  on  how  processes  are  conducted  for 
such  activities  as  waste  receipt,  lag  storage,  waste  handling  and  consolida- 
tion, and  transport  of  waste  containers.  Worker  radiation  doses  from  such 
activities  will  be  controlled  principally  by  design  features  and  administra- 
tive procedures  (e.g.,  limits  on  frequency  of  tasks  and  time  in  storage), 
which  will  be  a  secondary  control  on  worker  exposure.  Attributes  of  the  re- 
pository design  that  will  play  a  major  role  in  controlling  direct  radiation 
or  release  of  radioactive  effluents  to  the  restricted  area  include  such 
features  as 

1.  Operations  plan  parameters  such  as  number  of  workers  present  and 
time  to  complete  tasks. 

2.  Remote -handling  equipment  used  for  tasks  in  high  radiation  or  high 
frequency  tasks. 

3.  Maintenance  requirements  of  remote-handling  and  hot-cell  equipment. 

4.  Barrier  and  shield  thicknesses,  composition,  and  distance  to  workers 
from  the  source. 

5.  Containment  and  ventilation  system  characteristics  (e.g.,  repository 
and  hot  cell  layout,  differential  pressures  between  areas,  openings, 
air  locks,  and  filters) . 

6.  Radioactive  material  release  point  characteristics  (e.g.,  stack 
height,  diameter,  exit  velocity,  temperature,  and  location  within 
the  restricted  area) . 

In  addition,  as  part  of  the  regulatory  performance  verification  require- 
ments, specific  systems  and  operational  controls  will  be  needed  to  verify 
that  the  repository  design  and  operation  does  maintain  annual  radiation  doses 
to  the  workers  to  less  than  the  regulatory  limits.  Examples  of  the  systems 
that  must  be  provided  include  gaseous  and  liquid  effluent  monitoring  and  con- 
trol equipment,  effluent  sampling  and  measuring  equipment,  area  radiation  and 
airborne  monitoring  equipment,  and  personnel  and  area  dosimetry  equipment. 
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Design  of  these  systems  will  be  incorporated  in  the  normal  repository  design 
process.   The  information  needed  for  this  design  evaluation  will  be  the  pro- 
duct of  the  design  process  and  will  not  depend  directly  on  the  site  charac- 
terization activities. 

Identification  of  radiation  source  characteristics.   Potential 
sources  of  radiation  that  can  contribute  to  worker  exposure  in  the  restricted 
area  can  be  categorized  as  (1)  resulting  from  repository  operations  or 
(2)  miscellaneous  operations.  Examples  of  radiation  sources  resulting  from 
repository  operations  are  receipt  of  HLW  shipping  casks,  releases  during 
spent  fuel  consolidation,  transport  of  HLW  containers,  direct  radiation  from 
storage  of  disposal  containers,  direct  radiation  from  emplacement  activities, 
and  naturally  occurring  radionuclides.  Other  miscellaneous  operations  that 
are  potential  radiation  sources  include  treatment  and  transportation  of  site- 
generated  low-level  waste  (LLW)  and  gamma  and  neutron  radiation-producing 
eguipment  used  in  construction  and  nondestructive  testing. 

The  specific  information  needed  about  the  potential  source  terms  in- 
cludes the  radionuclides  involved  and  the  guantity  and  concentration,  decay 
radiation  and  energies,  and  physical  and  chemical  forms  of  these  radionu- 
clides.  General  information  needed  about  the  source  terms  for  dose  evalua- 
tion include 

1.  Planned  repository  operational  details  (e.g.,  scheduled  HLW  through- 
put and  inventories,  LLW  generation  and  transport  rates,  and  normal 
effluent  release  rates) . 

2.  Repository  design  features  (e.g.,  radionuclide  barriers,  normal 
effluent  release  locations,  layout  distances,  containment,  leakage, 
and  filtration  details) . 

3.  Environmental  details  (e.g.,  airborne  transport  and  dispersion  of 
radioactive  materials  within  the  restricted  area) . 

4.  Natural  radionuclide  sources  (e.g.,  concentrations  in  tuff  and 
ground  water  at  the  repository  location) . 

Depending  on  the  characteristics  of  the  source  terms,  the  information 
needs  will  be  satisfied  by  the  site  characterization  program  (e.g.,  naturally 
occurring  radionuclides),  the  repository  design  process  (e.g.,  HLW  and  site- 
generated  waste) ,  or  the  environmental  and  socioeconomic  monitoring  programs 
(e.g.,  offsite  installations  and  background  radiation).  Development  of  the 
analytical  tools  needed  to  evaluate  potential  adverse  impacts  of  the  source 
terms  on  worker  safety  will  be  coordinated  with  the  PRAM  program  reguirements 
and  recommendations. 

Radionuclide  transport  evaluation.  The  next  element  in  the  worker 
radiological  safety  assessment  package  is  radionuclide  transport  evaluation 
following  release  from  containment  systems  or  repository  facilities  of  radio- 
active material  as  a  result  of  normal  repository  activities.  The  dispersion 
of  airborne  radioactive  materials  can  result  in  radionuclide  concentrations 
in  the  air  that  can  cause  an  external  dose  by  direct  radiation  or  an  internal 
dose  through  inhalation,  or  result  in  ground  deposition  of  radioactive 
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material.  The  dominant  pathway  for  occupational  exposure  to  airborne  radio- 
nuclides is  expected  to  be  from  radionuclides  entrained  in  repository  air- 
streams.  Analysis  of  this  pathway  will  require  data  on  the  radionuclide 
source  terms,  air  volumetric  flow  rates,  air  patterns,  and  location  of 
workers  and  length  of  occupancy.  Analytical  tools  will  be  required  for 
determining  direct  radiation  dose  rates  in  all  areas  of  the  repository,  as 
well  as  for  determining  ventilation  leakage  and  filtration  of  airborne 
radionuclides  in  the  repository  airstreams. 

Analytical  tools  in  the  form  of  dispersion  and  pathway  models  also  will 
be  required  to  perform  the  radionuclide  transport  evaluation  for  restricted 
areas  outside  the  facility.  Meteorological  data  (e.g.,  wind  speed,  wind 
direction,  and  atmospheric  stability)  in  the  vicinity  of  the  repository 
buildings,  as  well  as  repository  design  information,  will  be  needed  as  input 
to  the  dispersion  model.   This  information  need  will  be  satisfied  by  Charac- 
terization Program  8.3.1.12  (meteorology). 

Worker  radiation  exposure  calculation.  The  last  step  in  the  anal- 
ysis is  the  radiological  exposure  evaluation  that  quantifies  the  dose  to  the 
individual  worker  from  routine  operation  of  the  repository  and  offsite  in- 
stallations.  The  quantification  of  radiation  doses  will  be  performed  by  the 
use  of  accepted  analytical  models  and  knowledge  of  the  various  design  fea- 
tures as  input  into  the  models.  Some  design  features  needed  include 

1.  The  processes  and  activities  necessary  for  the  functioning  of  the 
repository. 

2.  The  layout  and  physical  design  features  (i.e.,  location  of  processes 
and  activities,  wall  thickness  and  material,  personnel  occupied 
areas,  source  location  and  storage,  transport,  and  personnel 
corridors) . 

3.  Repository  throughput  of  radioactive  materials. 

4.  Source  terms  (i.e.,  radionuclides  involved,  low-level  waste  gener- 
ated, material  quantities,  material  form  (solid,  liquid,  particu- 
late, or  gaseous) ,  container  parameters,  and  industrial  sources) . 

5.  Duration  and  frequency  of  tasks. 

6.  Number  of  workers  involved. 

Accepted  analytical  methods  for  the  calculation  of  personnel  exposures  will 
be  selected  or  developed  as  part  of  the  preclosure  safety  assessment  activi- 
ties consistent  with  the  methodology  described  in  Section  8.3.5.1.  Computer 
models  will  be  used  to  evaluate  the  potential  radiation  doses  to  workers 
where  appropriate.  Design-limiting  assumptions  will  be  specified  for  the 
code  input  parameters  (e.g.,  radionuclide  sources).  The  following  types  of 
analytical  tools  will  be  needed: 

1.  Repository  operations  models. 

2.  Building  ventilation,  filtration,  and  leakage  models. 

3.  Radiation  shielding  models. 

4.  Atmospheric  dispersion  models. 
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5.  LLW  treatment  and  transportation  radiological  impact  models. 

6.  Radiological  consequences  assessment  models. 

The  information  needed  to  calculate  doses  using  these  analytical  tools 
will  be  provided  as  discussed  in  the  previous  steps.   This  information  will 
be  the  product  of  the  site  characterization  program,  the  socioeconomic  and 
environmental  monitoring  program,  and  the  normal  repository  design  process. 
The  following  list  indicates  some  technical  guidance  documents  that  might  be 
applicable  to  the  development  of  the  analytical  tools.  A  list  of  analytical 
tools  that  are  available  for  use  is  contained  in  Section  8.3.5.19  (completed 
analytical  techniques) .   Further  discussions  of  analytical  tools  still  needed 
are  contained  in  Section  8.3.5.20  (techniques  requiring  development). 

1.  Regulatory  Guide  1.69 — Concrete  Radiation  Shields  for  Nuclear  Power 
Plants  (December  1973)  (NRC,  1973) . 

2.  Regulatory  Guide  8.19 — Occupational  Radiation  Dose  Assessment  in 
Light -Water-Reactor  Power  Plants — Design  Stage  Man-rem  Estimates 
(Rev.  1,  July  1979)  (NRC,  1979a) . 

3.  Safety  Series  No.  60 — Criteria  for  Underground  Disposal  of  Solid 
Radioactive  Waste  (IAEA,  1983b) . 

4.  Safety  Series  No.  68 — Performance  Assessment  for  Underground 
Radioactive  Waste  Disposal  Systems  (IAEA,  1985) . 

5.  DOE/EV/1830-T5 — A  Guide  to  Reducing  Radiation  Exposures  to  As  Low  As 
Reasonably  Achievable  (ALARA)  (Kathren  et  al.,  1980) 

6.  DOE  Order  6430.1 — General  Design  Criteria  Manual,  as  applicable 
(December  1983)  (DOE,  1983a) . 

Performance  evaluation  for  compliance  with  goals.  The  remainder  of 
Figure  8.3.5.4-2  deals  with  the  final  evaluation  of  the  results  documented  in 
the  worker  radiological  safety  assessment  package.  The  results  are  compared 
with  the  regulatory  limits  contained  in  the  regulations  listed  in  the  section 
entitled  "regulatory  basis  for  this  issue".  If  all  the  limits  have  been  met, 
then  the  results  are  examined  to  see  if  the  ALARA  criterion  has  been  met.  If 
both  the  regulatory  limits  and  the  ALARA  criterion  have  been  met  and  if  the 
design  is  in  the  final  design  phase,  then  the  design  is  ready  for  license 
application  and  a  favorable  issue  resolution  has  been  achieved.  If  both  the 
regulatory  limits  and  the  ALARA  criterion  have  been  met  but  the  design  is  not 
in  the  final  design  phase,  then  this  process  is  repeated  for  the  next  design 
phase. 

If  the  results  of  the  worker  radiological  safety  assessment  package  do 
not  meet  either  the  regulatory  limits  or  the  ALARA  criterion,  then  design, 
procedural,  or  operational  changes  are  recommended  to  correct  the  situation. 
If  these  changes  cannot  be  made  and  the  performance  goals  cannot  be  reason- 
ably changed,  then  an  unfavorable  resolution  of  the  issue  has  occurred  (i.e., 
not  feasible  to  proceed) .  However,  if  the  design,  procedural,  or  operational 
changes  can  be  made  or  the  performance  goals  can  be  reasonably  changed,  then 
the  recommended  changes  are  implemented  and  the  whole  process  is  repeated. 
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Interrelationships  of  information  needs 

The  question  asked  by  this  issue  (2.2)  addresses  the  radiological  health 
and  safety  of  the  workers  during  the  normal  operations  of  the  repository. 
The  resolution  of  this  issue  can  be  obtained,  by  answering  two  questions: 

1 ,  Given  the  repository  design,  what  is  the  expected  radiation 
environment  on  the  surface  and  in  the  surface  and  subsurface 
facilities  due  to  natural  and  man-made  sources  of  radiation? 

2.  For  the  normal  operations  of  the  repository,  what  are  the  projected 
worker  radiation  doses  for  the  normal  operations  of  the  repository 
and  do  these  doses  meet  applicable  requirements? 

There  is  a  one-to-one  correspondence  between  these  questions  and  the  two 
steps  in  Figure  8.3.5.4-2  in  the  box  labeled  worker  radiological  safety  as- 
sessment package.  The  two  questions  have  been  designated  Information  Needs 
2.2.1  and  2.2.2,  respectively.  Information  Need  2.2.1  describes  the  radia- 
tion environments  that  workers  may  be  subjected  to  during  the  course  of  their 
work.  This  information  need  requires  (1)  site  data  to  determine  the  radia- 
tion environments  resulting  from  natural  radioactivity  and  the  background 
radiation  of  the  site  for  baseline  definition  purposes  and  (2)  design  data  to 
evaluate  the  effects  of  the  design  on  the  radiation  environment. 

Information  Need  2.2.2  is  a  determination  of  the  expected  exposure  con- 
ditions and  worker  radiation  doses  resulting  from  the  normal  operations  of 
the  repository.  As  described  earlier  in  the  section  called  worker  radiolo- 
gical safety  assessment  package,  the  doses  to  the  workers  are  predicted  using 
radionuclide  transport  and  dispersion  models,  radiation  shielding  models,  the 
repository  operating  plan,  and  radiological  dose  assessment  models.  The 
final  resolution  of  this  issue  will  take  place  under  this  information  need 
when  the  results  of  the  dose  calculations  are  evaluated  and  compared  with  the 
regulatory  limits  contained  in  10  CFR  Part  20. 

The  functions  and  performance  measures  (associated  with  the  MGDS  system 
elements)  necessary  for  answering  these  two  questions  and  resolving  this 
issue  are  listed  in  Table  8.3.5.4-1.  The  site  data  needed  to  answer  these 
two  questions  are  listed  in  Table  8.3.5.4-2. 


8.3.5.4.1  Information  Need  2.2.1:  Determination  of  radiation  environment  in 
surface  and  subsurface  facilities  due  to  natural  and  manmade 
radioactivity 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Further  discussions  on  the  subject  of  radiological  protection  of  the 
workers  may  be  found  in  Sections  6.1.1.4.1  (radiological  protection  design 
requirements)  and  6.4.5  (Issue  2.2:   radiological  safety  of  workers—normal 
conditions).   Section  8.3.5.1  contains  discussions  on  the  preclosure  risk 
assessment  methodology  (PRAM)  program,  which,  as  part  of  its  scope,  includes 
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radiological  risk  to  the  workers  during  normal  operations.   Sections  2.5 
(radiological  protection)  and  6.1  (radioactive  releases  during  normal 
operations)  of  the  Site  Characterization  Plan-Conceptual  Design  Report 
(SCP-CDR)  (SNL,  1987)  also  contain  discussions  relevant  to  this  issue. 
Section  6.1  of  the  SCP-CDR  is  especially  informative  because  it  contains 
some  preliminary  estimates  of  expected  releases  during  normal  operations 
of  the  repository. 

Parameters 

The  parameters  reguired  by  this  information  need  are  those  site  and 
design  parameters  relevant  to  the  determination  of  the  radiation  environment 
on  the  surface  and  in  the  surface  and  subsurface  facilities.  The  relevant 
design  information  is  noted  in  Table  8.3.5.4-2  and  further  information  on 
these  needs  is  not  reguired  at  this  time.   The  reference  repository  design 
and  supporting  analyses  will  be  obtained  from  the  reference  information  base 
(RIB)  and  will  contain  all  design  details  necessary  to  perform  the  reguired 
evaluations. 

There  is  only  one  piece  of  site  data  needed  to  satisfy  this  information 
need:  the  radon  emanation  rate  of  the  mined  tuff.  Collection  of  these  data 
is  part  of  the  environmental  program  planned  activities  and  is  addressed  in 
the  Yucca  Mountain  Project  Radiological  Monitoring  Plan  discussed  in  Section 
8.3.1.13.  All  other  data  is  design  data  and  will  be  obtained  from  the 
reference  information  base. 

Logic 

The  determination  of  the  radiation  environment  on  the  surface  and  in  the 
surface  and  subsurface  facilities  reguires  information  about  the  site,  the 
potential  sources  of  radiation,  and  the  repository  design.   Information  about 
the  repository  design  is  obtained  from  the  repository  reference  design,  as  is 
information  about  the  potential  man-made  sources  of  radiation.  Information 
about  the  site  is  obtained  through  the  site  characterization  program.  Using 
this  information,  airborne  radionuclide  concentrations  are  estimated  for  the 
surface  and  subsurface  facilities  and  for  the  area  on  the  surface  surrounding 
the  repository.  Radiation  levels  from  direct  radiation  sources  are  then 
calculated  to  establish  dose  rates  from  the  different  source  terms.  Once 
potential  sources  of  radiation  are  accounted  for,  radiation  areas  are  estab- 
lished and  associated  radiation  levels  for  both  direct  and  airborne  radiation 
are  determined.  Table  8.3.5.4-2  lists  the  data  (in  addition  to  radon  emana- 
tion rate  from  the  tuff)  reguired  to  perform  this  task.  After  these  calcula- 
tions are  completed,  this  information  need  is  satisfied,  and  the  results  can 
then  be  used  in  Information  Need  2.2.2  to  determine  radiation  doses  to 
workers. 
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8.3.5.4.1.1  Activity  2.2.1.1:  Refinement  of  site  data  parameters  required 
for  Issue  2.2 

Objectives 

The  objective  of  this  activity  is  to  refine  the  list  of  site  data  param- 
eters just  presented  in  the  technical  basis  section  for  Information  Need 
2.2.1.  This  list  may  be  incomplete  or  the  level  of  confidence  (as  shown  in 
Table  8.3.5.4-2)  required  may  be  inappropriate. 

Parameters 

The  list  of  parameters  presented  in  the  technical  basis  section  for 
Information  Need  2.2.1  is  the  starting  point  for  this  activity.  As  the 
activity  progresses  parameters  may  be  added  to  or  deleted  from  this  list. 

Description 

The  parameter  list  will  be  refined  in  three  ways.   First,  during  site 
characterization,  reviews  and  activities  by  those  organizations  responsible 
for  collecting  data  will  discover  problems  with  parameter  lists.   These 
problems  will  be  resolved  and  parameter  lists  will  be  revised.  Second,  the 
PRAM  program  will  be  developing  methods  for  radiological  performance  analyses 
(Performance  Assessment  Activity  2.2.2.2  in  Section  8.3.5.4.2.2).  During  the 
development  of  these  methods,  it  is  expected  that  lists  of  required  param- 
eters for  each  type  of  analysis  will  be  created.  A  review  of  these  parameter 
lists  may  result  in  refinement  of  the  Issue  2.2  parameter  list.   Finally,  a 
performance  assessment  of  the  advanced  conceptual  design  (ACD)  and  license 
application  design  (LAD)  for  worker  radiological  safety  (Performance  Activity 
2.2.1.2)  may  uncover  deficiencies  in  the  current  parameter  list.  This  is  an 
ongoing  activity  whose  end  date  is  the  completion  of  the  license  application. 


8.3.5.4.1.2  Activity  2.2.1.2:  Advanced  conceptual  design  assessment  of  the 
worker  radiological  safety  during  the  normal  operations  of  the 
Yucca  Mountain  repository 

Objectives 

The  objective  of  this  activity  is  to  perform  a  worker  radiological 
safety  assessment  of  the  ACD  for  a  Yucca  Mountain  repository.   Secondary 
objectives  of  this  activity  are  to  provide  information  for  the  refinement  of 
the  site  data  parameter  list  for  Issue  2.2  (Performance  Assessment  Activity 
2.2.1.1  in  the  previous  sections)  and  to  provide  feedback  to  the  PRAM  program 
for  future  methods  development  activities  (Performance  Assessment  Activity 
2.2.2.2,  Section  8.3.5.4.2.2) . 

Parameters 

The  parameters  necessary  for  this  activity  are  those  listed  in  the  site 
data  parameter  list  for  Issue  2.2  presented  in  the  technical  basis  section 
for  Information  Need  2.2.1. 
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Description 

This  activity  will  assess  the  ACD  for  worker  radiological  safety  during 
normal  operations.  A  general  description  of  the  process  is  presented  earlier 
in  the  section  on  worker  radiological  safety  assessment  package. 


8.3.5.4.1.3  Application  of  results 

The  information  generated  by  this  information  need  will  be  used  directly 
by  Information  Need  2.2.2  to  resolve  this  issue.  Issues  2.1  (Sec- 
tion 8.3.5.3),  2.3  (Section  8.3.5.5)  and  2.7  (Section  8.3.2.3)  may  require 
some  of  the  same  site  data  as  called  for  here;  however,  those  issues  will 
call  for  their  own  site  data.  The  results  of  the  safety  assessments  perform- 
ed to  resolve  this  issue  will  be  used  in  the  preparation  of  the  safety  anal- 
ysis report  that  will  be  part  of  the  license  application. 


8.3.5.4.2  Information  Need  2.2.2:  Determination  that  projected  worker 

exposures  and  exposure  conditions  under  normal  conditions  meet 
applicable  requirements 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Chapter  3  discusses  the  present  state  of  the  knowledge  on  the  site 
hydrology,  including  uses  of  surface  water  and  ground  water.  Chapter  5 
discusses  the  present  state  of  the  knowledge  on  the  meteorology  of  the  site 
and  surrounding  region.  Further  discussions  on  the  subject  of  radiological 
protection  of  the  workers  may  be  found  in  Sections  6.1.1.4.1  (radiological 
protection  design  requirements)  and  6.4.5  (Issue  2.2:  radiological  safety 
expected  to  workers — normal  conditions) .  Section  8.3.5.1  contains  dis- 
cussions on  the  preclosure  risk  assessment  methodology  (PRAM)  program.  The 
PRAM  program  includes  radiological  risk  to  workers  during  normal  operations 
as  part  of  its  scope.  Sections  2.5  (radiological  protection)  and  6.1  (radio- 
active releases  during  normal  operations) ,  of  the  Site  Characterization  Plan- 
Conceptual  Design  Report  (SCP-CDR)  (SNL,  1987)  also  contain  discussions 
relevant  to  this  issue.  Section  6.1  of  the  SCP-CDR  is  especially  informative 
because  it  contains  some  preliminary  estimates  of  expected  releases  during 
normal  operations  of  the  repository. 
Parameters 

The  parameters  required  by  this  information  need  are  those  site  and 
design  parameters  relevant  to  the  prediction  of  worker  radiation  doses  during 
the  normal  operations  of  the  repository.   The  calculation  of  worker  doses  due 
to  airborne  radionuclides  within  the  facilities  requires  only  design  informa- 
tion; however,  the  determination  of  worker  doses  due  to  airborne  radionu- 
clides outside  the  facilities  does  require  site  data.  Design  information 
needed  for  this  purpose  is  noted  in  Table  8.3.5.4-2,  and  further  information 
on  these  needs  is  not  required  at  this  time.   Reference  repository  design 
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information  and  supporting  analyses  will  be  obtained  from  the  reference  in- 
formation base  (RIB) ,  which  will  contain  all  design  the  details  necessary  to 
perform  the  reguired  evaluations. 

The  site  data  reguired  to  satisfy  this  .information  need  are  obtained 
through  various  characterization  programs  and  also  through  the  RIB.  Follow- 
ing is  a  summary  of  the  reguired  site  data  and  the  SCP  section  providing  the 
information: 


Data  reguirement  SCP  section 

METEOROLOGICAL  DATA 

Wind  speeds  in  the  region  8.3.1.12.2 

Prevalent  wind  directions  8.3.1.12.2 

Atmospheric  stability  of  the  area  8.3.1.12.2 

Atmospheric  mixing  layer  depth  of  the  area  8.3.1.12.2 

Average  ambient  temperature  of  the  area  8.3.1.12.2 

Atmospheric  moisture  of  the  area  8.3.1.12.2 

Area  precipitation,  including  type,  amount,  8.3.1.12.2 
intensity,  etc. 

Barometric  pressure  8.3.1.12.2 

Dust  particle  size  distributions  8.3.1.12.2 

Size  and  distance  of  major  topographic  8.3.1.14.1 
features  from  release  points 

REPOSITORY  ROCK  AND  GROUND-WATER  DATA 

Elemental  composition  of  the  host  rock  8.3.1.3.2 

Bulk  density  of  the  host  rock  8.3.1.15.1 

Water  content  and  saturation  of  the  8.3.1.12.3 
host  rock 


These  parameters  are  needed  with  differing  levels  of  confidence  and  for 
different  locations  on  and  around  the  site  as  shown  in  Table  8.3.5.4-2. 
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Logic 

Once  the  results  of  Information  Need  2.2.1  are  obtained,  the  prediction 
of  worker  doses  during  normal  operations  may  begin.  The  calculation  of 
worker  exposures  to  airborne  radionuclides  on  the  surface  outside  the 
facilities  depends  on  the  concentrations  of  radionuclides  released  from  the 
repository  (obtained  from  the  reference  repository  design  and  Information 
Need  2.2.1),  the  meteorological  conditions  surrounding  the  facilities,  and  to 
a  lesser  extent,  sources  in  the  environment.  Worker  doses  from  airborne 
radionuclides  inside  the  repository  facilities  are  determined  from  the  radia- 
tion levels  estimated  by  Information  Need  2.2.1  and  the  repository  operations 
plan.  Worker  doses  resulting  from  direct  radiation  in  the  surface  facilities 
can  be  predicted  using  the  characteristics  of  the  repository  design,  the  in- 
formation on  radiation  areas  supplied  by  Information  Need  2.2.1,  and  the  re- 
pository operations  plan.   The  prediction  of  doses  resulting  from  direct  ra- 
diation from  emplaced  waste  in  the  underground  facilities  requires  data  on 
the  density  and  composition  of  the  repository  rock.  With  this  information, 
the  shielding  provided  by  the  host  rock  can  be  determined  and  the  worker 
doses  from  emplaced  waste  predicted.   The  repository  design  will  provide 
shielding  data  needs  for  the  transporter  and  other  emplacement  and  retrieval 
equipment.  Once  all  these  contributions  to  worker  doses  are  determined  and 
combined,  the  results  are  used  to  predict  compliance  with  applicable  require- 
ments and  provide  a  resolution  of  Issue  2.2.   In  addition,  ground-water  data 
will  be  obtained  for  assessing  its  contribution  to  shielding  of  gamma  and 
neutron  radiation  emitted  by  the  waste  package. 


8.3.5.4.2.1  Activity  2.2.2.1:   Refinement  of  site  data  parameters  required 
for  Issue  2.2 

Objectives 

The  objective  of  this  activity  is  to  refine  the  list  of  site  data  param- 
eters presented  in  the  technical  basis  section  for  Information  Need  2.2.2. 
This  list  may  be  incomplete  or  the  level  of  confidence  required  (as  shown  in 
Table  8.3.5.4-2)  may  be  inappropriate. 

Parameters 

The  list  of  parameters  presented  in  the  technical  basis  section  for 
Information  Need  2.2.2  is  the  starting  point  for  this  activity.  As  the 
activity  progresses  parameters  may  be  added  to  or  deleted  from  this  list. 

Description 

The  parameter  list  will  be  refined  in  three  ways.   First,  during  site 
characterization,  reviews  and  activities  by  those  organizations  responsible 
for  collecting  data  will  discover  problems  with  parameter  lists.   These 
problems  will  be  resolved  and  parameter  lists  will  be  revised.   Second,  the 
PRAM  program  will  be  developing  methods  for  radiological  performance  analyses 
(Performance  Assessment  Activity  2.2.2.2).  During  the  development  of  these 
methods,  it  is  expected  that  lists  of  required  parameters  for  each  type  of 
analysis  will  be  created.  A  review  of  these  parameter  lists  may  result  in 
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refinement  of  the  Issue  2.2  parameter  list.  Finally,  a  performance  assess- 
ment of  the  advanced  conceptual  design  for  worker  radiological  (Performance 
Assessment  Activity  2.2.2.3)  safety  may  uncover  deficiencies  in  the  current 
parameter  list.  This  is  an  ongoing  activity  whose  end  date  is  the  completion 
of  the  license  application. 


8.3.5.4.2.2  Activity  2.2.2.2:  Development  of  performance  assessment 

activities  through  the  preclosure  risk  assessment  methodology 
program 

Objectives 

Performance  assessment  methods  development  efforts  in  the  preclosure 
risk  assessment  methodology.  The  objective  of  this  activity  is  to  benefit 
from  the  PRAM  program.   The  Yucca  Mountain  Project  will  participate  in  the 
PRAM  program  through  the  PRAM  Working  Group  and  will  adapt  the  PRAM  program 
to  the  Yucca  Mountain  Program.  A  secondary  objective  of  this  activity  is  to 
use  the  information  developed  in  this  activity  to  assist  in  refining  the  site 
data  parameters  list  for  this  issue  (Performance  Assessment  Activity  2.2.2.1 
described  in  the  previous  section) . 

Parameters 

Initially  there  are  no  parameters  for  this  activity;  however,  a  list  of 
parameters  will  develop  as  a  result  of  the  PRAM  program  and  other  project 
activities. 

Description 

The  objective  of  the  PRAM  program  is  to  develop  a  consistent  preclosure 
safety  assessment  methodology.  A  part  of  this  methodology  will  be  concerned 
with  the  assessment  of  worker  radiological  safety  during  the  normal  opera- 
tions of  a  repository.  The  Yucca  Mountain  Project  will  participate  in  this 
program  and  assist  in  the  development  of  the  overall  methodology.  Methods 
developed  in  the  PRAM  program  will  be  adapted  for  use  in  the  Yucca  Mountain 
Project  assessment  of  worker  radiological  safety  during  the  normal  operations 
of  the  Yucca  Mountain  repository  (Performance  Assessment  Activity  2.2.2.3  in 
Section  8.3.5.4.2.3).   Since  the  PRAM  program  is  expected  to  continue  through 
license  application  design  this  activity  will  be  ongoing  through  license 
application.  A  more  detailed  discussion  of  the  PRAM  program  is  presented  in 
Section  8.3.5.1. 


8.3.5.4.2.3  Activity  2.2.2.3:  Advanced  conceptual  design  assessment  of  the 
worker  radiological  safety  during  the  normal  operations  of  the 
Yucca  Mountain  repository 

Objectives 

The  objective  of  this  activity  is  to  perform  a  worker  radiological 
safety  assessment  of  the  advanced  conceptual  design  for  the  Yucca  Mountain 
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repository.  Secondary  objectives  of  this  activity  are  to  provide  information 
for  the  refinement  of  the  site  data  parameter  list  for  this  issue  (Perform- 
ance Assessment  Activity  2.2.2.1)  and  to  provide  feedback  to  the  PRAM  program 
for  future  methods  development  activities  (Performance  Assessment  Activ- 
ity 2.2.2.2) . 

Parameters 

The  parameters  necessary  for  this  activity  are  those  listed  in  the  site 
data  parameter  list  for  this  issue  presented  in  the  technical  basis  section 
for  Information  Need  2.2.2. 

Description 

This  activity  will  assess  the  Yucca  Mountain  repository  advanced  concep- 
tual design  for  worker  radiological  safety  during  normal  operations.  A  gen- 
eral description  of  the  process  is  presented  in  the  section  on  worker  radio- 
logical safety  assessment  package. 


8.3.5.4.2.4  Application  of  results 

The  information  generated  by  this  information  need  will  be  used  directly 
to  resolve  this  issue  (2.2).  Issues  2.1  (Section  8.3.5.3),  2.3  (Sec- 
tion 8.3.5.5),  and  2.7  (Section  8.3.2.3)  may  require  some  of  the  same  site 
data  as  called  for  here,  however,  those  issues  will  call  for  their  own  site 
data.  The  results  of  the  safety  assessments  performed  to  resolve  this  issue 
will  be  used  in  the  preparation  of  the  safety  analysis  report  that  will  be 
part  of  the  license  application.  These  results  will  provide  insight  to 
needed  design  changes  during  subsequent  design  phases. 


8.3.5.4.3  Schedule  for  worker  radiological  safety — normal  conditions 

Issue  2.2  (worker  radiological  safety — normal  conditions)  includes  two 
information  needs,  which  contain  five  activities.  The  schedule  information 
for  these  activities  is  summarized  in  Figure  8.3.5.4-3.   This  figure  includes 
the  activity  number  and  a  brief  description,  as  well  as  major  events  associ- 
ated with  the  activities.  A  major  event,  for  purposes  of  these  schedules, 
may  represent  the  initiation  or  completion  of  an  activity,  completion  or  sub- 
mittal of  a  report  to  the  DOE,  an  important  data  feed,  or  a  decision  point. 
Solid  lines  on  the  schedule  represent  activity  durations  and  dashed  lines 
show  interfaces  among  activities  as  well  as  data  transferred  into  or  out  of 
this  performance  assessment  issue.  The  events  shown  on  the  schedule  and 
their  planned  dates  of  completion  are  provided  in  Table  8.3.5.4-3. 

The  activity-level  schedules,  in  combination  with  information  provided 
Ln  the  logic  diagram  for  this  issue  (Figure  8.3.5.4-2),  are  intended  to 
>rovide  the  reader  with  a  basic  understanding  of  the  relationships  between 
lajor  elements  of  the  site,  performance,  and  design  programs.   The  infor- 
mation provided  in  Table  8.3.5.4-3  and  Figure  8.3.5.4-3,  however,  should  be 
'iewed  as  a  snapshot  in  time. 
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Figure  8. 3. 5. 4-3.  Schedule  information  for  activities  in  Issue  2  2  (worker  radiological  safety-normal  conditioi 
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The  overall  program  schedule  presented  here  is  consistent  with  the 
Draft  Mission  Plan  Amendment  (DOE,  1988a) .   The  site  characterization  program 
will  undergo  a  series  of  refinements  following  issuance  of  the  statutory  SCP. 
Refinements  will  consider  factors  both  internal  and  external  to  the  site 
characterization  program,  such  as  changes  to  ^the  quality  assurance  program. 
Such  refinements  are  to  be  considered  in  ongoing  planning  efforts,  and 
changes  that  are  implemented  will  be  reflected  in  the  semiannual  program 
reports.   Summary  schedule  information  for  this  and  other  preclosure 
performance  assessment  issues  can  be  found  in  Sections  8.5.2.1  and  8.5.6. 
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8.3.5.5  Issue  resolution  strategy  for  Issue  2.3:   Can  the  repository  be 

designed,  constructed,  operated,  closed,  and  decommissioned  in  such 
a  way  that  credible  accidents  do  not  result  in  projected 
radiological  exposures  of  the  general  public  at  the  nearest  boundary 
of  the  unrestricted  area,  or  workers  in  the  restricted  area,  in 
excess  of  applicable  limiting  values? 

Resolution  of  this  issue  requires  the  assurance  that  during  the  preclo- 
sure  period  the  repository  will  not  pose  any  undue  radiological  risk  to  the 
health  and  safety  of  the  public  and  repository  workers  as  a  result  of  possi- 
ble accidents.   This  will  be  initially  established  by  an  analysis  documenting 
the  adequacy  of  structures,  systems,  and  components  provided  for  the  preven- 
tion of  accidents  and  mitigation  of  consequences.   The  structures,  systems, 
and  components  to  be  analyzed  are  those  that  will  be  presented  to  the  NRC  in 
the  safety  analysis  report  (SAR)  of  the  license  application.   Frequent  inter- 
actions with  the  NRC  on  site-specific  preclosure  activities  are  planned. 
Regulatory  closure  of  this  issue  will  first  occur  when  the  NRC  issues  a 
favorable  safety  evaluation  report  (SER)  on  the  license  application. 

The  relationship  of  this  issue  with  the  other  issues  of  the  issues 
hierarchy  is  shown  in  Figure  8.3.2.1-1  (Section  8.3.2.1),  which  illustrates 
the  relationship  between  design  and  performance  issues  and  fixes  the  lines  of 
communication  between  these  issues.   To  be  more  specific  about  the  relation- 
ship of  this  issue  to  the  other  issues  with  which  it  has  direct  or  very 
strong  ties,  only  Issues  2.1  (Section  8.3.5.3),  2.2  (Section  8.3.5.4),  2.3 
(this  issue),  2.7  (Section  8.3.2.3),  and  4.4  (Section  8.3.2.5)  are  shown  in 
Figure  8.3.5.5-1.  The  figure  defines  the  ties  between  these  issues  by  indi- 
cating the  major  information  items  passed  between  them.  The  figure  also 
illustrates  the  connection  of  all  these  issues  with  the  site  characterization 
program.   The  scope  of  an  issue  is  indicated  by  its  size  with  respect  to  the 
other  issues  in  the  figure.  Note  that  Issue  4.4  is  the  largest  in  scope,  and 
the  other  issues,  including  this  issue,  branch  out  from  Issue  4.4,  reducing 
the  scope  to  more  specific  areas.  In  the  discussion  that  follows  in  this 
section,  the  regulatory  basis  for  addressing  accidental  radiological  releases 
is  presented,  the  approach  to  resolving  this  issue  is  described,  and  the 
interrelationships  among  the  information  needs  are  discussed.   The  schedule 
information  for  Issue  2.3  (accidental  radiological  releases  is  given  in 
Section  8.3.5.5.3. 

Regulatory  basis  for  the  issue 

Although  the  issue  states  that  radiation  exposures  resulting  from 
credible  accidents  must  be  maintained  below  applicable  limits,  there  are 
currently  no  regulatory  limits  for  radiation  exposures  to  either  members  of 
the  public  or  repository  workers  from  accidents  at  a  repository.   10  CFR 
Part  60  does  not  specify  an  accident  dose  guideline  to  the  public.  The  DOE 
has  initiated  steps  to  petition  the  NRC  to  amend  the  rule  so  as  to  include  an 
accident  dose  guideline  in  Part  60.  When  such  guideline  is  promulgated,  it 
will  be  addressed  in  the  repository  design.   Regulatory  criteria  pertaining 
to  worker  exposure  during  accidents  for  other  situations  and  facilities  will 
be  considered. 
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Approach  to  resolving  the  issue 

Licensing  strategy  overview 

As  stated  earlier,  the  resolution  of  this  issue  requires  the  assurance 
that  during  the  preclosure  period  the  repository  will  not  pose  any  undue 
radiological  risk  to  the  health  and  safety  of  the  public  and  essential  repos- 
itory workers  as  a  result  of  possible  accidents.  The  preclosure  period  en- 
compasses all  activities  associated  with  repository  operation;  simultaneous 
mining,  construction,  and  emplacement;  retrieval;  decommissioning;  and 
closure.  The  possibility  of  accidents  will  be  considered  for  all  underground 
and  surface  facilities,  systems,  or  operations  within  the  repository  site 
boundary.   The  features  initially  assumed  for  issue  resolution  are  (1)  the 
reference  repository  design  and  operations  described  in  the  site  character- 
ization plan-conceptual  design  report  (SCP-CDR)  (SNL,  1987)  and  (2)  site 
characteristics  known  to  date  from  reconnaissance  investigations.  These 
encompass  the  appropriate  elements  from  the  hierarchy  for  the  mined  geologic 
disposal  system  (MGDS)  at  Yucca  Mountain.  The  accident  initiators  that  will 
be  considered  are  natural  phenomena,  equipment  failure  or  malfunction,  and 
man-made  events,  including  human  error.   Besides  the  initiating  event  that 
starts  the  accident  sequences,  other  events  or  failures  (called  intermediate 
events)  that  are  direct  or  consequential  results  will  be  considered  in 
developing  the  accident  sequence. 

Using  the  methods  consistent  with  those  developed  by  the  NRC,  the  DOE, 
and  the  preclosure  risk  assessment  methodology  (PRAM)  program  (see  Section 
8.3.5.1),  the  full  range  of  the  accident  sequences  will  be  identified, 
developed,  and  screened  to  establish  the  set  of  design-basis  accidents  for 
which  radiological  consequence  assessments  will  be  made.  The  definition  of 
credible  accidents  is  still  being  discussed  within  the  DOE.   Probabilistic 
analyses  are  expected  to  be  performed  to  support,  or  perhaps  to  establish, 
the  design-basis  accident  selections  and  to  estimate  the  radiological  risk  to 
the  public  resulting  from  the  repository.  As  part  of  the  safety  analyses, 
evaluations  will  also  be  made  of  the  systems  designed  to  prevent  the  acci- 
dents, to  detect  the  accidents,  and  to  mitigate  the  radiological  consequences 
of  the  accidents.  The  protection  of  public  health  and  safety  will  be  demon- 
strated by  comparing  the  doses  calculated  in  the  radiological  consequence 
assessments  with  the  criteria  established  within  the  repository  program  or 
with  regulatory  limits,  if  and  when  the  regulatory  limits  are  established. 

These  analyses  will  be  reviewed  at  each  design  phase  to  determine  the 
need  for  improvements  or  updating  due  to  new  information.   The  iteration  of 
design  and  safety  analysis,  taking  into  consideration  a  proper  balance  be- 
tween risk  and  cost,  is  expected  to  result  in  a  well-designed  MGDS.   Finally, 
this  issue  will  be  resolved  when  (1)  the  set  of  credible  design  basis  acci- 
dents has  been  established  and  analyzed  using  a  deterministic  approach,  (2) 
supporting  probabilistic  risk  analyses  have  been  completed,  and  (3)  both  have 
been  described  in  a  format  appropriate  for  the  safety  analysis  report. 
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Application  of  the  issue  resolution  strategy 

The  logic  to  be  used  in  resolving  this  issue  is  illustrated  in  the  logic 
diagrams  shown  in  Figures  8.3.5.5-2  and  -3.  These  logic  diagrams  depict  how 
the  generic  issue  resolution  strategy  of  Section  8.2.2  is  to  be  applied  to 
this  issue.  The  first  step  of  the  process,  identifying  regulatory  require- 
ments, was  discussed  earlier  in  the  section  entitled  "regulatory  basis  for 
the  issue."  The  following  discussions  will  explain  each  of  the  remaining 
steps  in  the  resolution  of  this  issue  as  shown  in  the  logic  diagram. 

Identification  of  functional  requirements.   To  allocate  performance  in 
this  issue  to  specific  system  elements  of  the  MGDS,  the  functions  of  these 
system  elements  with  respect  to  this  issue  must  be  identified.  The  pre- 
closure  portion  of  the  MGDS  is  divided  into  three  major  system  elements:  the 
site,  the  repository,  and  the  waste  package.  The  waste  package  will  not  be 
considered  by  itself  in  allocating  performance  for  this  issue  but  will  be 
considered  in  Section  8.3.4.  The  waste  package  will  be  considered  as  part  of 
the  repository  system  element  equipment.   The  major  system  elements  are  fur- 
ther subdivided  into  more  specific  system  elements;  however,  for  resolving 
this  issue,  this  level  of  detail  is  sufficient.   In  addition  to  these  two 
system  elements  from  the  MGDS  requirements,  a  third  system  element  (offsite 
installations)  is  required  for  the  resolution  of  this  issue.  The  following 
sections  describe  each  of  these  system  elements  and  their  role  with  respect 
to  this  issue. 

Site  system  element.  Disturbances  in  the  site  system  element  can  induce 
accidents  in  the  repository.  The  site  events  that  could  initiate  accidents 
would  primarily  be  natural  disruptive  phenomena  such  as  earthquakes,  rock- 
fall,  or  potential  methane  or  water  intrusion.   Structures,  systems,  and  com- 
ponents important  to  safety  (as  defined  in  10  CFR  60.2)  must  be  protected 
against  these  phenomena. 

Atmospheric  transport  of  airborne  radionuclides  is  expected  to  be  the 
dominant  pathway  by  which  members  of  the  public  can  be  impacted  by  an  acci- 
dental release  of  radioactive  material.   This  is  an  important  pathway  for 
accident  analysis  because  exposure  can  occur  shortly  after  the  release, 
before  implementation  of  protective  actions  and,  thus,  must  be  dealt  with 
through  design.  The  relevant  processes  include  atmospheric  transport  and 
dispersion,  plume  depletion,  and  deposition  on  the  ground  and  in  bodies  of 
water.  Atmospheric  transport  of  airborne  radionuclides  is  also  important 
with  respect  to  radiation  exposure  of  the  repository  workers;  however,  direct 
exposure  to  penetrating  radiation  may  be  a  more  important  source  of  radiation 
exposure  for  some  workers  in  the  vicinity  of  an  accident.   Exposure  of 
essential  workers  is  controlled  by  design  features  and  is  therefore  in  the 
domain  of  the  repository  system  element. 

The  surface  environment  also  includes  longer-term  pathways  through  which 
public  exposure  could  occur  after  an  accident.   These  pathways  include 
surface-water  bodies  into  which  radioactive  liquids  could  be  accidentally 
released  or  into  which  radionuclides  initially  deposited  on  land  could  be 
washed  down  by  precipitation.   Long-term  pathways  also  include  inhalation  of 
resuspended  material  deposited  on  the  ground  and  ingestion  of  food  products 
contaminated  by  uptake  into  plants,  milk,  and  meat  animals.   Since  these 
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Figure   8.3.5.5-2a.      Logic  diagram  for  Issue  2.3  (accidental   radiological  releases)      See   Figure  8  3.5.5-2b  for 
legend.   Section  8.3.2.1  describes  the  relationships  and  interfaces  between  design  and  performance  issues. 
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Figure  8.3.5.5-2b.      Legend  for  Figure  8.3.5. 5-2a. 
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pathways  are  amenable  to  protective  actions  such  as  interdiction  and  decon- 
tamination of  contaminated  land  and  food  products,  they  are  not  expected  to 
be  significant. 

In  view  of  the  previous  discussion,  the  site  system  element  provides  a 
location  that  assists  in  limiting  potential  radiation  exposure  to  the  public 
and  repository  workers  from  accidents.   The  site  system  element  attributes 
that  affect  accidental  radiation  exposures  include:   (1)  the  remoteness  of 
the  site,  (2)  site-related  accident  initiators,  (3)  guide-acting  radionuclide 
transport  pathways,  and  (4)  long-term  radionuclide  transport  pathways.   These 
four  attributes  define  the  analysis  activities  reguired  to  evaluate  the 
effectiveness  of  the  site  system  element  in  limiting  accidental  exposures. 

Repository  system  element .   The  repository  is  important  to  the  reso- 
lution of  this  issue  because  it  contains  the  radioactive  material  available 
for  release  during  an  accident  and,  thus,  will  provide  the  source  term  for 
accident  analysis.  The  radioactive  material  includes  the  high-level  waste 
handled  in  the  facilities  and  any  secondary  wastes  generated  on  the  site.   In 
addition  to  providing  the  source  term  for  accident  analysis,  the  site  facil- 
ities system  is  important  because  it  contains  the  systems  whose  failure  can 
initiate  or  continue  an  accident,  as  well  as  the  systems  that  can  prevent  or 
mitigate  an  accident. 

The  repository  will  be  designed  to  prevent,  contain,  and  mitigate  acci- 
dent conseguences  and  to  limit  radiation  exposures  to  essential  repository 
workers  and  the  public.  To  evaluate  the  repository  system  element  perform- 
ance with  respect  to  these  objectives  (for  this  issue),  four  main  analysis 
activities  are  reguired.  These  are  (1)  analysis  of  the  probabilities  and 
conseguences  of  design-related  initiating  events;  (2)  analysis  of  the  vulner- 
ability of  the  repository  to  the  effects  of  natural,  site-related,  and 
design-related  initiating  events;  (3)  analysis  of  the  effectiveness  of  pre- 
ventive systems  and  design  features;  and  (4)  analysis  of  the  effectiveness  of 
mitigative  systems  and  design  features.  All  these  analyses  are  interrelated 
and  will  be  performed  in  parallel. 

Off site  installations.  Offsite  installations  are  relevant  to  resolution 
of  this  issue  because  accidents  at  those  facilities  could  be  the  initiating 
events  for  accidents  at  the  repository.   The  operations  performed  in  the 
local  area  include  defense  operations,  transportation,  surface  disposal  and 
storage  of  radioactive  waste,  and  possibly  nuclear  fuel  cycle  operations. 
Potential  hazards  to  the  repository  from  these  operations  will  be  assessed 
and  may  contribute  to  the  design  basis  for  structures,  systems,  and  compo- 
nents important  to  safety  and  to  initiating  events  for  accident  analysis. 
Because  of  the  large  distances  involved  and  past  history,  it  is  expected  that 
the  safety  of  the  repository  and  essential  workers  from  offsite  accidents  can 
be  fulfilled  by  systems  designed  to  handle  onsite  accidents. 

Allocation  of  performance  to  the  system  elements.   The  next  four  steps 
in  Figure  8.3.5.5-2  after  the  identification  of  functional  reguirements  make 
up  the  bulk  of  the  performance  allocation  process.   In  these  steps  perform- 
ance measures,  performance  goals,  and  needed  parameters  are  developed.  For 
each  system  element,  the  functions  it  will  serve  in  the  resolution  of  this 
issue  are  listed  in  Table  8.3.5.5-1.   The  processes  and  activities  that  take 
place  in  serving  each  of  these  functions  are  also  listed.   Since  this  is  a 
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performance  issue,  the  purpose  of  which  is  to  analyze  the  performance  of  the 
repository  systems  with  respect  to  radiological  health  and  safety  under  acci- 
dent conditions,  these  processes  and  activities  are  analyses  rather  than 
physical  processes.   The  quantity  used  to  measure  the  performance  under  each 
analysis,  called  a  performance  measure,  is  listed  for  each  process,  together 
with  a  goal  for  that  performance  measure.  These  goals  are  selected  so  that 
if  they  are  met,  then  the  regulatory  requirements  are  satisfied  with  some 
margin  of  safety.   The  present  goals  are  tentative,  permitting  future  adjust- 
ment in  the  allocation  between  subsystems,  if  necessary.  Finally,  the  confi- 
dence needed  in  meeting  these  goals  is  an  indication  of  the  relative  impor- 
tance of  each  performance  measure  in  contributing  to  meeting  the  ultimate 
regulatory  requirement.   The  results  of  the  performance  allocation  steps  may 
be  seen  in  Tables  8.3.5.5-1  and  8.3.5.5-2. 

Development  of  design  criteria  and  constraints  and  identification  of 
input  items .   The  only  constraints  on  the  design  of  the  repository  forth- 
coming from  this  issue  are  those  general  performance  goals  shown  in  Tables 
8.3.5.5-1  and  8.3.5.5-2.   These  performance  goals  are  transmitted  to  Issue 
2.7  (Section  8.3.2.3)  where  specific  design  criteria  are  developed  and  trans- 
mitted to  Issue  4.4  (Section  8.3.2.5)  for  incorporation  in  the  design  of  the 
repository  (see  Figure  8.3.5.5-1).   Specific  design  products  or  information 
required  for  either  Issue  2.7  or  Issue  4.4  are  also  transmitted  to  Issue  2.7. 
At  this  time,  no  specific  design  products  or  information  items  have  been 
identified. 

Analytical  approach  for  radiological  safety  assessment  of  accidents. 
The  general  analytical  approach  for  the  assessment  of  radiological  risks  from 
accidents  to  the  public  and  essential  workers  is  illustrated  in  Figure 
8.3.5.5-3.   The  following  is  a  brief  discussion  of  the  steps  shown  in  Figure 
8.3.5.5-3.   This  methodology  is  discussed  in  more  detail  in  Section  8.3.5.1. 

Step  1 — Repository  familiarization  and  identification  of 
initiating  events.  The  objectives  of  step  1  are  to  (1)  identify  and  describe 
the  physical  configurations  and  processes  of  the  repository  systems  and 
support  systems  to  be  modeled,  and  (2)  identify  the  accident  initiating 
events  to  be  considered  in  the  risk  assessment.  The  accident  initiators  of 
most  concern  are  those  that  occur  during  waste  handling  on  the  surface  and 
during  waste  emplacement  and  retrieval,  if  required,  in  the  underground 
facilities. 

Step  2 — Event  tree  development.  The  objective  of  step  2  is  to  iden- 
tify the  potential  accident  sequences  that  could  occur  following  the  initi- 
ating events.  Accident  sequences  are  commonly  identified  using  the  event 
tree  technique.  Accident  sequences  are  developed  for  initiating  events  af- 
fecting all  operations  including,  to  the  extent,  practical,  retrieval  oper- 
ations. 

Step  3 — Repository  systems  analysis.  The  objective  of  step  3  is  to 
develop  the  reliability  models  for  the  repository  systems  and  support  systems 
to  be  analyzed.  This  step  obtains  information  from  steps  1,  4,  5,  and  6  as 
shown  in  Figure  8.3.5.5-3. 

Step  4 — Human  reliability  analysis.  The  objectives  of  step  4  are  to 
(1)  identify  the  human  errors  that  should  be  included  in  the  preclosure 
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risk  assessment,  (2)  provide  the  probability  estimates  for  these  errors,  and 
(3)  develop  human  recovery  actions  to  mitigate  accident  consequences. 

Step  5 — Common  cause  failure  analysis.   The  objective  of  step  5  is 
to  identify  the  failures  of  multiple  equipment  items  occurring  from  a  single 
cause  that  is  common  to  all  the  equipment  items;  for  example,  the  loss  of 
electric  power  may  cause  the  failure  of  several  repository  systems. 

Step  6 — Data  base  development.  The  objective  of  step  6  is  to 
develop  the  data  bases  for  the  analytical  steps  of  the  preclosure  risk 
assessment.   The  data  base  will  provide  data  for  use  in  steps  3,  4,  5,  7, 
and  8. 

Step  7 — Accident  sequence  analysis.  The  objective  of  step  7  is  to 
quantify  the  frequency  of  occurrence  of  the  accident  sequences  developed  in 
step  3  by  linking  system  logic  models  from  step  3  and  using  data  from  step  6. 

Step  8 — In-plant  conseguence  analysis.   The  objective  of  step  8  is 
to  determine  accident  sequence  consequences  within  the  repository  site 
boundary,  including  the  surface  and  underground  facilities. 

Step  9 — Environmental  transport  and  off site  consequence  analysis. 
The  objective  of  step  9  is  to  determine  accident  sequence  consequences 
outside  the  repository  boundary.   The  consequences  include  radiation  doses  to 
the  public. 

Step  10 — Uncertainty,  sensitivity,  and  importance  analyses.   There 
are  three  objectives  in  step  10.  The  first  objective  is  to  estimate  the 
uncertainty  in  the  results  due  to  the  parameters,  modeling,  and  completeness 
at  the  various  analytical  steps  of  the  risk  assessment.  The  second  objective 
is  to  determine  how  much  the  results  of  the  analyses  change  with  respect  to 
variation  of  the  input  data.  This  is  needed  to  perform  the  uncertainty 
analyses.  The  final  objective  is  to  identify  and  rank  the  important  accident 
sequences,  system  failures,  component  failures,  and  human  errors  with  regard 
to  the  accident  sequence  frequency  of  occurrence  estimates.   This  importance 
analysis  will  be  used  in  the  identification  of  systems,  structures,  and 
components  important  to  safety. 

Step  11 — Documentation  and  use  of  results.  The  objective  of  step  11 
is  to  document  the  risk  assessment  methodology  and  results  to  support  the 
various  repository  program  activities  and  the  resolution  of  this  issue. 

Performance  evaluation  for  compliance  with  goals.  The  remainder  of 
Figure  8.3.5.5-2  deals  with  the  final  evaluation  of  the  results  documented  in 
the  accident  risk  assessment  package.  The  results  are  compared  with  the 
performance  goals  and  any  regulatory  limits  that  may  be  developed.   If  the 
goals  or  limits  have  been  met  and  if  the  design  is  in  the  final  design  phase, 
then  the  design  is  ready  for  license  application  and  a  favorable  issue 
resolution  has  been  achieved.   If  the  goals  or  limits  have  been  met  but  the 
design  is  not  in  the  final  design  phase,  then  this  process  is  repeated  for 
the  next  design  phase. 

If  the  results  of  the  accident  risk  assessment  package  do  not  meet  the 
goals  or  limits,  then  design,  procedural,  or  operational  changes  are 
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recommended  to  correct  the  situation.   If  these  changes  cannot  be  made  and 
the  performance  goals  cannot  be  reasonably  changed,  then  an  unfavorable 
resolution  of  the  issue  has  occurred.   However,  if  the  design,  procedural,  or 
operational  changes  can  be  made  or  the  performance  goals  can  be  reasonably 
changed,  then  the  recommended  changes  are  implemented  and  the  whole  process 
is  repeated. 

Interrelationships  of  information  needs 

The  question  asked  by  this  issue  addresses  the  potential  threat  to 
health  and  safety  of  essential  repository  workers  and  the  public  from 
radiological  accidents  at  the  repository.   The  resolution  of  this  issue  can 
be  obtained  by  answering  two  questions: 

1.  What  are  the  credible  accident  sequences  and  their  respective  fre- 
quencies that  can  occur  at  the  repository  that  can  adversely  af- 
fect the  health  and  safety  of  the  workers  and  the  public? 

2.  What  are  the  predicted  releases  of  radioactive  material  and  the  pro- 
jected public  and  essential  worker  exposures  resulting  from  cred- 
ible accidents  at  the  repository,  and  are  these  exposures  within 
applicable  limiting  values? 

These  questions  are  addressed  by  Information  Needs  2.3.1  and  2.3.2. 
Information  Need  2.3.1  determines  and  describes  the  possible  accidents  that 
could  occur  at  the  repository.  Once  the  list  of  accidents  is  developed,  the 
list  is  screened  to  determine  those  that  are  both  applicable  to  the  repos- 
itory and  credible.  This  information  need  requires  both  site  and  design  data 
to  determine  all  credible  natural,  site-related,  and  design-related  acci- 
dents.  This  process  is  described  previously  in  the  section  on  accident  risk 
assessment  package.   The  final  product  of  Information  Need  2.3.1  is  a  list  of 
credible  accidents  along  with  their  frequencies  of  occurrence  and  resulting 
scenarios.   This  information  need  corresponds  to  the  system  analysis  steps  in 
assessing  accident  risks  discussed  previously. 

This  set  of  accident  sequences  is  used  under  Information  Need  2.3.2  to 
predict  essential  worker  and  public  exposures  resulting  from  accidents. 
First,  the  projected  releases  of  radioactive  material  resulting  from  the 
credible  accidents  are  determined,  which  requires  detailed  information  about 
the  repository  design  as  well  as  information  about  the  characteristics  of  the 
accidents.  This  step  will  require  very  little  site  data.   The  major  factors 
affecting  releases  of  radioactive  material  during  accidents  are  the  source 
terms  present  and  the  response  of  the  repository  structures  and  systems.   It 
is  here  that  information  about  which  systems,  structures,  and  components  are 
important  to  safety  will  be  developed  and  refined.  When  the  releases  of 
radioactive  material  have  been  determined,  the  process  of  resolving  Issue  2.3 
continues  with  the  determination  of  essential  worker  and  public  radiation 
exposures.   Information  Need  2.3.2  determines  the  radiation  exposures  for  the 
repository  workers  and  the  public  due  to  accidents  and  compares  the  results 
to  applicable  limiting  values.   This  step  will  require  a  great  deal  of  site 
data  to  perform  the  necessary  radionuclide  transport  calculations.  Along 
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with  the  exposure  values,  there  will  be  a  frequency  of  occurrence  associated 
with  each  accident.   The  combination  of  the  frequency  of  occurrence  and  the 
consequence  defines  the  risk  for  a  given  accident.   The  sum  of  all  the  acci- 
dent risks  defines  the  repository  risk.  Accident  risk  quantification  (sensi- 
tivity analyses  and  documentation)  is  the  responsibility  of  this  information 
need.  The  final  results  of  the  accident  risk  assessment  package  will  be 
documented  as  part  of  this  information  need.  At  this  point,  this  issue  is 
finally  resolved. 

The  functions  and  performance  measures  (associated  with  the  MGDS  system 
elements)  necessary  for  answering  these  two  questions  and  resolving  this 
issue  are  listed  in  Table  8.3.5.5-1.  The  site  data  needed  to  answer  these 
questions  are  listed  in  Table  8.3.5.5-2. 


8.3.5.5.1  Information  Need  2.3.1:  Determination  of  credible 

accident  sequences  and  their  respective  frequencies  applicable  to 
the  repository 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Chapter  3  discusses  the  present  state  of  the  knowledge  on  the  site  hy- 
drology, including  uses  of  surface  water  and  ground  water.   Chapter  5  con- 
tains discussions  about  the  present  state  of  the  knowledge  on  the  meteorology 
of  the  site  and  surrounding  region.   Further  discussions  on  the  subject  of 
radiological  protection  of  the  public  may  be  found  in  Sections  6.1.1.4.1 
(radiological  protection  design  requirements),  Section  6.1.4  (items  important 
to  safety)  and  6.4.6  (Issue  2.3:  accidental  radiological  releases).  Section 
8.3.5.1  discusses  the  preclosure  risk  assessment  methodology  (PRAM)  program. 
The  PRAM  program  includes  radiological  risk  to  the  public  and  workers  under 
accident  conditions  as  part  of  its  scope.   Sections  2.5  (radiological  protec- 
tion) and  6.2  (releases  under  abnormal  conditions)  of  the  site  characteriza- 
tion plan-conceptual  design  report  (SCP-CDR)  (SNL,  1987)  also  contain  discus- 
sions relevant  to  this  issue.  Also,  Sections  4.6.1  and  7.4.1  of  the  SCP-CDR 
contain  brief  discussions  of  items  important  to  safety.   Finally,  two  append- 
ices of  the  SCP-CDR  have  information  especially  relevant  to  this  information 
need.   These  are  Appendix  F  (preclosure  radiological  safety  analysis) ,  which 
is  a  preliminary  analysis  of  accidents  at  the  Yucca  Mountain  repository  pre- 
pared to  support  the  development  of  the  preliminary  Yucca  Mountain  Project 
Q-list,  and  Appendix  L  (items  important  to  safety  and  retrievability) ,  which 
discusses  the  method  used  and  results  of  the  preliminary  Q-list.  The 
methodology  described  in  Appendix  F  of  the  SCP-CDR  will  be  considered  by  the 
PRAM  program. 

Parameters 

The  parameters  required  by  this  information  need  are  those  parameters 
relevant  to  the  determination  of  credible  accident  sequences  and  their 
respective  frequencies  for  the  Yucca  Mountain  repository.   There  is  a  great 
deal  of  design  information  required  for  this  purpose;  this  information  is 
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listed  in  Table  8.3.5.5-2.   Reference  repository  design  information  and  sup- 
porting analyses  will  be  obtained  from  the  reference  information  base  (RIB) . 

The  site  data  reguired  to  determine  credible  site-related  accidents  are 
obtained  through  various  characterization  programs.  A  summary  of  the 
reguired  site  data  and  the  associated  investigation  or  information  need 
follows. 


Data  reguirement 
ifreguency  and  characteristics) 


SCP  section 


EVENTS  ON  THE  SITE 


Tornadoes 

Cloud-to-ground  lightning  strikes 

Sandstorms 

Snowfall 

Ice  storms 

Repository  surface  flooding 

Repository  flooding  from  ground-water 
inflow 

Surface  and  subsurface  seismic  events 

Fault  movement  within  the  repository 

Drift  roof  fall,  collapse,  or  failure 

Surface  landslides 

Volcanic  ash  fall 

Nearby  forest  or  brush  fires 

Aircraft  and  helicopter  crashes  in 
the  area  of  the  surface  facilities 

Other  potential  accidents 


3.1.12.4 

3.1.12.4 

3.1.12.4 

3.1.12.4 

3.1.12.4 

3.1.16.1, 

3.1.16.1, 

3.1.17.3 
3.1.17.2 
3.2.4.1 
3.1.14.1 
3.1.17.1 
,3.1.13.1, 
,3.1.13.1, 


3.1.16.3 
3.1.16.3 


3.1.13.2 
3.1.13.2 


Preclosure  risk  assessment 
methodology  (PRAM) 
program,  8.3.1.13.1, 
8.3.1.13.2 
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Data  requirement 
[frequency  and  characteristics) 


SCP  section 


OFFSITE  INSTALLATION  ACCIDENTS  IN  THE  REGION 


Explosive  Shockwave 

Toxic  and  chemical  qases 

Missiles 

Flammable  vapor  clouds 

Incendiary  fragments 


.3.1.13.1,  8.3.1.13.2 

.3.1.13.1,  8.3.1.13.2 

.3.1.13.1,  8.3.1.13.2 

.3.1.13.1,  8.3.1.13.2 

.3.1.13.1,  8.3.1.13.2 


Logic 

The  determination  of  credible  accidents  for  the  Yucca  Mountain  reposi- 
tory requires  a  great  deal  of  site  and  design  information.   Site  data  are 
required  to  determine  site-related  accidents.   These  data  include  severe 
weather  phenomena,  seismic  phenomena,  tectonic  phenomena,  offsite  instal- 
lation activities,  and  military  activities.  Using  the  site  data,  the 
frequencies  and  characteristics  of  these  various  phenomena  and  activities  can 
be  assessed,  and  a  decision  can  be  made  as  to  what  accidents  are  credible. 
The  definition  of  credible  has  not  yet  been  firmly  established;  however,  it 
is  expected  that  a  credible  accident  will  be  defined  in  terms  of  frequency  of 
occurrence.   In  some  instances,  where  an  accident  may  have  extremely  severe 
consequences,  an  accident  with  a  very  low  frequency  of  occurrence  may  be  in- 
cluded in  those  to  be  analyzed.   Therefore,  it  is  possible  that,  for  conser- 
vatism, the  severity  of  an  accident  could  be  a  factor  in  deciding  whether  to 
classify  an  accident  as  credible  or  not  credible.   Design-related  accidents 
will  also  be  investigated,  and  site  data  are  needed  to  determine  the  conse- 
quences of  these  accidents;  however,  accident  consequences  are  developed  as 
part  of  Information  Need  2.3.2.   The  function  of  this  information  need  cor- 
responds to  the  system  analysis  steps  shown  in  Figure  8.3.5.5-3.  Once  a  list 
of  credible  accident  sequences  and  their  respective  frequencies  applicable  to 
the  Yucca  Mountain  repository  is  developed,  the  process  of  analyzing  the  ef- 
fects of  these  accidents  on  the  repository  is  continued  in  Information  Need 
2.3.2,  where  radioactive  material  releases  resulting  from  these  accidents  are 
estimated. 
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8.3.5.5.1.1  Performance  Assessment  Activity  2.3.1.1:   Refinement  of  site 
data  parameters  required  for  Issue  2.3 

Objectives 

The  objective  of  this  activity  is  to  refine  the  list  of  site  data  param- 
eters presented  in  the  technical  basis  for  this  information  need.   This  list 
may  be  incomplete  or  the  level  of  confidence  (Table  8.3.5.5-2)  may  be 
inappropriate. 

Parameters 

The  list  of  parameters  presented  earlier  is  the  starting  point  for  this 
activity.  This  list  may  be  added  to  or  shortened  as  work  in  this  area 
progresses. 

Description 

As  the  accident  risk  assessment  activities  progress,  more  information 
may  be  required  to  better  define  accidents  or  their  characteristics.   In 
addition,  feedback  from  the  site  characterization  program  will  be  an  impor- 
tant source  of  information  about  parameter  confidence  requirements  and  may 
result  in  identification  of  more  parameters  that  are  needed. 


8.3.5.5.1.2  Performance  Assessment  Activity  2.3.1.2:  Determination  of 

credible  accident  sequences  and  their  respective  frequencies 
applicable  to  the  Yucca  Mountain  repository 

Objectives 

The  objective  of  this  activity  is  to  develop  a  comprehensive  list  of 
accidents  that  are  both  credible  and  applicable  to  the  Yucca  Mountain 
repository. 

Parameters 

The  site  data  parameters  required  for  this  task  are  those  listed  earlier 
for  the  information  need.  A  great  deal  of  design  data  will  also  be  required 
to  perform  this  activity. 

Description 

This  activity  consists  of  performing  the  system  analysis  steps  shown  in 
Figure  8.3.5.5-3  and  discussed  in  detail  in  Section  8.3.5.1.   Note  that 
uncertainty,  sensitivity,  and  importance  analyses  and  documentation  are 
included  in  these  steps. 


( 
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8.3.5.5.1.3  Performance  Assessment  Activity  2.3.1.3:  Development  of 
candidate  design-basis  accidents  for  the  Yucca  Mountain 
repository 

Objectives 

The  objective  of  this  activity  is  to  develop  a  set  of  candidate  design- 
basis  accidents  to  be  analyzed  as  part  of  the  total  safety  analysis. 

Parameters 

The  parameters  to  be  used  in  this  analysis  are  those  listed  earlier  for 
the  information  need  and  the  repository  reference  design. 

Description 

A  set  of  design-basis  accidents  will  be  developed  to  be  analyzed  as  part 
of  the  total  safety  analysis  of  the  repository.   The  procedure  to  be  used  in 
developing  this  set  of  accidents  has  not  yet  been  established;  however,  the 
PRAM  program  will  address  this  need.   The  development  of  the  list  of  credible 
accidents  and  the  development  of  design-basis  accidents  are  complementary  and 
will  be  performed  in  parallel.  Design-basis  accidents  do  not  necessarily 
have  to  be  credible;  indeed,  they  are  generally  less  likely  than  what  are 
usually  considered  credible  events.  Design-basis  accidents  are  proposed  to 
show  that  the  repository  response  to  these  accidents  is  acceptable,  and, 
therefore,  the  repository  can  be  expected  to  withstand  any  expected  or 
credible  accidents. 


8.3.5.5.1.4  Application  of  results 

The  information  generated  by  this  information  need  will  be  used  directly 
in  Information  Needs  2.3.1  and  2.3.2  to  complete  the  accident  risk  assessment 
of  the  repository.  Design-basis  accident  information  will  be  used  in  Issue 
4.4  (Section  8.3.2.5)  to  support  the  design  of  the  repository  in  the  form  of 
radiation  safety  design  criteria.   Issues  2.1  (Section  8.3.5.3),  2.2  (Sec- 
tion 8.3.5.4),  and  2.7  (Section  8.3.2.3)  may  require  some  of  the  same  site 
data  as  called  for  here;  however,  those  issues  will  call  for  their  own  site 
data.  During  the  iteration  of  design  and  assessment,  information  developed 
here  will  be  used  to  improve  design  features  and  correct  any  problems 
discovered  early  in  the  design  process. 
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8.3.5.5.2  Information  Need  2.3.2:  Determination  of  the  predicted  releases 
of  radioactive  material  and  projected  public  and  worker  exposures 
under  accident  conditions  and  that  these  exposures  meet  applicable 
requirements 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  data  chapters  and  technical  support  documents  for  this  information 
need  are  the  same  as  those  listed  for  Information  Need  2.3.1  (see  Sec- 
tion 8.3.5.5.1)  . 

Parameters 

The  parameters  required  by  this  information  need  are  those  parameters 
relevant  to  the  determination  of  the  radioactive  material  releases  and  the 
projected  essential  worker  and  public  exposures  resulting  from  the  credible 
accidents  developed  in  Information  Need  2.3.1.   The  information  required  is 
mainly  site  data  for  public  exposures  and  a  mixture  of  site  data  and  design 
data  for  worker  exposures.   The  design  information  needed  is  listed  in  Ta- 
ble 8.3.5.5-2.   Reference  repository  design  information  and  supporting 
analyses  will  be  obtained  from  the  reference  information  base  (RIB) ,  which 
and  will  contain  all  design  details  necessary  to  perform  the  dose 
calculations  to  resolve  this  issue. 

The  site  data  required  to  determine  radioactive  material  releases 
resulting  from  the  credible  accidents  are  obtained  through  various  character- 
ization issues.  This  information  need  uses  mostly  meteorological  and  agri- 
cultural data,  which  are  given  in  the  following  summary. 

The  population  density  data  required  are  given  in  Section  8.3.5.6. 
(Data  will  also  be  gathered  under  Characterization  Program  8.3.1.10.) 

The  following  table  presents  the  data  required,  as  well  as  the  SCP 
section  providing  the  information. 


Data  requirement 


SCP  section 


METEOROLOGICAL  DATA 


Wind  speeds 
Wind  direction 
Atmospheric  stability 
Mixing  layer  depth 


.3.1.12.1, 
.3.1.12.1, 
.3.1.12.1, 
.3.1.12.1, 


.3.1.12.2 
.3.1.12.2 
.3.1.12.2 
.3.1.12.2 
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Data  requirement  SCP  section 

METEOROLOGICAL  DATA  (continued) 

Average  ambient  temperature  8.3.1.12.1,  8.3.1.12.2 

Atmospheric  moisture  8.3.1.12.1,  8.3.1.12.2 

Precipitation  type,  amount,  8.3.1.12.1,  8.3.1.12.2 
intensity,  etc. 

Size  and  distance  of  topographic  8.3.1.14.1 
features  from  releases  points 

Meteorological  data  for  off site  8.3.1.12.1,  8.3.1.12.2 
installations 

AGRICULTURAL  DATA 

Bioaccumulation  of  radionuclides  in  8.3.1.13(a) 
terrestrial  flora 

Bioaccumulation  of  radionuclides  8.3.1.13(a) 
in  terrestrial  fauna 

Types  and  amounts  of  crops  raised  8.3.1.13(a) 

Types  and  amounts  of  crops  consumed  8.3.1.13(a) 

Types  and  amounts  of  animals  raised  8.3.1.13(a) 

Types  and  amounts  of  meat  consumed  8.3.1.13(a) 

Animal  consumption  of  forage  8.3.1.13(a) 

Forage  storage  time  8.3.1.13(a) 

Grazing  yield  and  period  8.3.1.13(a) 

Radius  of  crop/animal  area  8.3.1.13(a) 

Volumetric  flow  of  surface  water  to  8.3.1.13(a) 
water  bodies 
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Data  requirement  SCP  section 


AGRICULTURAL  DATA  (continued) 

Population  served  and  volumetric  flow  8.3.1.13(a) 

of  drinking  water 

Recreational  uses  of  water  bodies  8.3.1.13(a) 


Collection  of  these  data  is  part  of  the  environmental  program  planned 
activities  and  is  addressed  in  the  Radiological  Monitoring  Plan  discussed  in 
Section  8.3.1.13. 


Logic 

This  information  need  corresponds  to  the  consequence  analysis  steps  of 
Figure  8.3.5.5-3  and  is  discussed  in  detail  in  Section  8.3.5.1.   The  deter- 
mination of  releases  of  radioactive  material  requires  detailed  information 
about  the  repository  design  and  the  characteristics  of  accidents,  but  little 
site  data.   The  determination  of  radionuclide  transport  and  radiation  expo- 
sure requires  a  great  deal  of  site  data.  To  calculate  doses  to  essential 
workers,  both  design  and  site  information  is  needed.   For  workers,  the  short- 
term  pathways,  which  are  dominated  by  atmospheric  transport,  are  important. 
For  the  public,  both  short-term  and  long-term  pathways  must  be  evaluated. 
Meteorological  data  are  needed  to  evaluate  the  short-term  atmospheric  trans- 
port pathways,  and  agricultural  data  are  needed  to  evaluate  the  long-term 
transport  pathways.   To  perform  the  uncertainty,  sensitivity,  and  importance 
analyses,  a  great  deal  of  design  information  and  very  little  site  data  are 
needed.  The  final  resolution  of  Issue  2.3  will  take  place  after  the  safety 
assessment  has  been  documented  and  a  comparison  with  applicable  limiting 
values  is  completed. 

Four  performance  assessment  activities  pre  planned  and  are  discussed  in 
the  following  sections. 


8.3.5.5.2.1  Performance  Assessment  Activity  2.3.2.1:  Refinement  of  site 
data  parameters  required  for  Issue  2.3 

Objectives 

The  objective  of  this  activity  is  to  refine  the  list  of  site  data  param- 
eters presented  earlier  for  this  information  need.  This  list  may  be  in- 
complete or  the  level  of  confidence  (Table  8.3.5.5-2)  may  be  inappropriate. 
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Parameters 

The  list  of  parameters  presented  earlier  for  this  information  need  is 
the  starting  point  for  this  activity.  This  list  may  be  amended  as  work  in 
this  area  progresses. 

Description 

As  the  accident  risk  assessment  activities  progress,  more  information 
may  be  reguired  to  better  define  accidents  or  their  characteristics.   In 
addition,  feedback  from  the  site  characterization  program  will  be  an  impor- 
tant source  of  information  about  parameter  confidence  reguirements  and  may 
identify  more  parameters  that  are  needed. 


8.3.5.5.2.2  Performance  Assessment  Activity  2.3.2.2:   Conseguence  analyses 
of  credible  accidents  at  the  Yucca  Mountain  repository 

Objectives 

The  objective  of  this  activity  is  to  determine  the  conseguences  of 
credible  accidents  in  terms  of  radiation  doses  to  the  essential  repository 
workers  and  the  public. 

Parameters 

The  site  data  parameters  reguired  to  perform  this  activity  are  listed 
earlier  for  the  information  need.   This  activity  will  reguire  little  design 
data. 

Description 

This  activity  consists  of  performing  the  conseguence  analysis  steps 
shown  in  Figure  8.3.5.5-3  and  discussed  in  detail  in  Section  8.3.5.1.  A 
determination  of  conseguences  involves  calculations  of  radiation  transport 
within  the  repository  facilities  and  in  the  environment,  radionuclide  removal 
by  repository  systems  and  environmental  systems,  and  doses  to  workers  and  the 
public.   Radiation  doses  resulting  from  both  short-term  transport  mechanisms 
(e.g.,  atmospheric  transport)  and  long-term  transport  mechanisms  (e.g., 
through  crops  and  animals)  will  be  estimated.  Conseguences  will  also  be 
calculated  in  terms  of  economic  losses  to  the  repository  and  to  others.  An 
example  of  the  types  of  analyses  that  are  to  be  performed  can  be  found  in 
Appendix  F  of  the  SCP-CDR  (SNL,  1987) . 
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8.3.5.5.2.3  Performance  Assessment  Activity  2.3.2.3:   Sensitivity 

and  importance  analyses  of  credible  accidents  at  the  Yucca 
Mountain  repository 

Objectives 

The  objectives  of  this  activity  are  (1)  to  quantify  uncertainties  and 
sensitivities  in  the  accident  risk  assessment  and  (2)  to  establish  importance 
rankings  for  systems,  structures,  and  components  of  the  repository  with 
respect  to  radiological  safety. 

Parameters 

The  parameters  required  to  perform  this  activity  consist  mainly  of 
failure  rate  data  for  repository  systems,  structures,  and  components.   Some 
site  data  will  be  required  to  quantify  uncertainties  of  initiating  event 
frequencies  of  occurrence  and  uncertainties  in  meteorological  data. 

Description 

Quantifying  uncertainties  in  the  accident  risk  assessment  analyses  will 
require  an  extensive  data  base  from  which  to  draw  statistical  data.   The 
development  of  these  data  bases  is  within  the  scope  of  the  PRAM  program  as 
discussed  in  Section  8.3.5.1.   Sensitivity  analyses  will  be  performed  to 
establish  important  parameters.   This  work  will  help  to  refine  the  site  data 
parameter  lists  for  safety  assessment  early  in  the  design  process.   By  the 
time  the  design  is  ready  for  license  application,  most  of  the  sensitivity  and 
uncertainty  work  will  have  been  completed.   Importance  analyses  will  be 
performed  using  computer  codes  to  analyze  the  event  trees  developed  in 
Performance  Assessment  Activity  2.3.2.2.   These  analyses  will  establish  the 
importance  of  repository  systems,  structures,  and  components  with  respect  to 
radiological  safety  and  will  be  used  to  refine  the  Yucca  Mountain  Project 
Q-list. 


8.3.5.5.2.4  Performance  Assessment  Activity  2.3.2.4:   Documentation  of 
results  of  safety  analyses  and  comparison  to  applicable 
"limiting"  values 

Objectives 

The  objectives  of  this  activity  are  (1)  to  produce  documentation  of  the 
results  of  the  accident  risk  assessment  in  the  necessary  format  and  (2)  to 
make  comparisons  of  these  results  to  applicable  limiting  values.   This  activ- 
ity will  complete  the  resolution  of  this  issue  at  the  end  of  the  license 
application  design. 

Parameters 

The  only  parameters  required  for  this  activity  are  the  analyses  and  re- 
sults of  the  preceding  performance  assessment  activities. 
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ription 

This  activity  consists  of  presenting  the  results  of  the  accident  risk 
ssment  in  a  manner  consistent  with  the  needs  of  the  NRC,  the  DOE,  and  the 
sitory  program  in  general.   The  PRAM  program  will  recommend  an  annotated 
ine  for  the  documentation  of  these  analyses.   Included  in  the  documen- 
on  is  a  comparison  of  the  results  with  any  regulatory  limits  that  may  be 
blished  in  the  future.   Currently,  no  regulatory  limits  exist  for  reposi- 

accident  conseguences.   In  the  absence  of  regulatory  limits,  the  PRAM 
ram  will  recommend  appropriate  limiting  values  for  both  design-basis 
dents  and  the  credible  accidents  evaluated  in  the  accident  risk  assess- 

The  completion  of  this  activity  will  mark  the  final  resolution  of  this 
e  and  will  supply  written  documentation  of  that  resolution. 


5.5.2.5  Application  of  results 

The  information  generated  by  this  information  need  will  be  used  directly 
esolve  Issue  2.3.   Issues  2.1  (Section  8.3.5.3),  2.2  (Section  8.3.5.4), 
2.7  (Section  8.3.2.3)  may  reguire  some  of  the  same  site  data  as  called 
here;  however,  those  issues  will  call  for  their  own  site  data.   During 
iteration  of  design  and  assessment,  information  developed  here  will  be 

to  improve  design  features  and  correct  any  problems  discovered  early  in 
design  process.  Most  importantly,  the  results  of  the  accident  risk 
ssment  analyses  will  be  used  in  the  preparation  of  the  safety  analysis 
rt  and  will  be  included  as  part  of  the  license  application  when  the  final 
gn  is  complete. 


5.5.3  Schedule  for  accidental  radiological  releases  (Issue  2.3) 

Issue  2.3  (accidental  radiological  releases)  includes  two  information 
is,  which  contain  seven  performance  assessment  activities.  The  schedule 
>rmation  for  these  performance  assessment  activities  is  summarized  in 
ire  8.3.5.5-4.  This  figure  includes  the  performance  assessment  activity 
>er  and  a  brief  description,  as  well  as  major  events  associated  with  each 
vity.  A  major  event,  for  purposes  of  these  schedules,  may  represent  the 
iation  or  completion  of  an  activity,  completion  or  submittal  of  a  report 
he  DOE,  an  important  data  feed,  or  a  decision  point.   Solid  lines  on  the 
dule  represent  activity  durations  and  dashed  lines  show  interfaces  among 
vities  as  well  as  data  transferred  into  or  out  of  this  performance 
ssment  issue.  The  events  shown  on  the  schedule  and  their  planned  dates 
ompletion  are  provided  in  Table  8.3.5.5-3. 

The  activity-level  schedules,  in  combination  with  information  provided 
he  logic  diagrams  for  this  issue  (Figures  8.3.5.5-1  and  -2),  are  intended 
rovide  the  reader  with  a  basic  understanding  of  the  relationships  between 
r  elements  of  the  site,  performance,  and  design  programs.  The  infor- 
on  provided  in  Table  8.3.5.5-3  and  Figure  8.3.5.5-4,  however,  should  be 
ed  as  a  snapshot  in  time. 
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1988 
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A- 


2.3.1.1  and  2.3.2. 1 

REFINEMENT  OF 

SITE  DATA 

PARAMETERS 


2.3.1.2 

DETERMINATION  OF 

CREDIBLE  ACCIDENT 

SEOUENCES  AND  THEIR 

EISPECTIUE    FREQUENCIES 


2.3.  1  .3  / 

DEUELOPMENT    OF  f 

CANDIDATE 
£SIGN-BASIS    ACCIDENTS 


£ 


-£ A 


2.3.  2.2 

CONSEOUENCE 

ANALYSIS  OF 

CREDIBLE  ACCIDENTS 


Z^ 


2.3.2.3 

SENSITIU1TY  AND 

IMPORTANCE  ANALYSIS 

JF  CREDIBLE  ACCIDENTS 

2.3. 2.4 
DOCUMENTATION  OF 

RESULTS  OF 
SAFETY  ANALYSIS 


A 


4.475)! 


4AA 


Ltas'e    Package^ 


A 


A- 
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A 
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A 


1994 


1995 


[^ 


V 


COMPLETE 
REPOSITORY  LAD 


A 


A 


A 


A---- 


A- 

F 

-A-     ^ 


A 

A 
DEIS 
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LEGEND 

FLOW  OF  WORK 
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LICENSE  APPLICATION 
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The  overall  program  schedule  presented  here  is  consistent  with  the  Draft 
Mission  Plan  Amendment  (DOE,  1988a) .  The  site  characterization  program  will 
undergo  a  series  of  refinements  following  issuance  of  the  statutory  SCP. 
Refinements  will  consider  factors  both  internal  and  external  to  the  site 
characterization  program,  such  as  changes  to  the  quality  assurance  program. 
Such  refinements  are  to  be  considered  in  ongoing  planning  efforts,  and 
changes  that  are  implemented  will  be  reflected  in  the  semiannual  progress 
reports.   Summary  schedule  information  for  this  and  other  preclosure 
performance  assessment  issues  can  be  found  in  Sections  8.5.2.1  and  8.5.6. 
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U.  S.  Department  of  Energy 

Office  of  Civilian  Radioactive  Waste  Management 


DECEMBER  1988 

8.3.5.6  Issue  resolution  strategy  for  Issue  2.5:   Can  the  higher-level 
findings  required  by  10  CFR  Part  960  be  made  for  the  gualifying 
condition  of  the  preclosure  system  guideline  and  the  qualifying  and 
disqualifying  conditions  of  the  technical  guidelines  for  population 
density  and  distribution,  site  ownership  and  control,  meteorology, 
and  offsite  installations  and  operations? 

Regulatory  basis  for  the  issue 

The  DOE  has  established  a  set  of  siting  guidelines  to  be  used  as  a  basis 
for  evaluating  the  suitability  of  potential  repository  sites  during  the  site 
selection  process.*  These  siting  guidelines,  which  are  set  forth  in  10  CFR 
Part  960,  are  separated  into  two  categories:  those  that  address  postclosure 
conditions  (10  CFR  960.4)  and  those  that  address  preclosure  conditions 
(10  CFR  960.5).   The  manner  in  which  the  siting  guidelines  must  be  addressed 
during  the  siting  process  is  described  in  the  DOE  Implementation  Guidelines 
(10  CFR  960.3)  . 

The  DOE's  preclosure  guidelines  that  relate  to  preclosure  radiological 
safety  under  normal  and  anticipated  operating  conditions  are  the  subject  of 
this  issue  (2.5).   These  guidelines  consist  of  a  system  guideline  and  four 
technical  guidelines.   The  system  guideline  is  concerned  with  the  expected 
performance  of  the  repository  system  as  a  whole  during  the  period  before 
permanent  closure,  while  each  technical  guideline  is  concerned  with  the 
effect  of  some  specific  aspect  of  the  site  on  the  preclosure  performance. 
Each  preclosure  technical  guideline  has  one  qualifying  condition  that  must  be 
met  for  a  site  to  be  acceptable.   In  addition,  two  of  the  technical  guide- 
lines have  one  or  more  disqualifying  conditions;  a  site  is  unacceptable  if 
any  one  of  the  disqualifying  conditions  is  found  to  be  present.   The  techni- 
cal guidelines  also  identify  favorable  conditions  and  potentially  adverse 
conditions  that  describe  characteristics  of  the  setting  that,  if  present, 
could  contribute  to  or  detract  from  the  postclosure  performance  of  a  site. 

The  Implementation  Guidelines  require  that  the  qualifying  and  disquali- 
fying conditions  of  the  system  and  technical  guidelines  be  evaluated  and  that 
specific  findings  be  made  for  each  condition  at  principal  decision  points  in 
the  siting  process.  These  findings  are  stated  in  10  CFR  Part  960,  Appendix 
III,  and  are  shown  in  Table  8.3.5.6-1. 

There  are  four  levels  of  findings.   Disqualifying  and  qualifying  condi- 
tions both  require  a  lower-level  and  a  higher-level  finding.   Lower-level 
findings  must  be  made  to  determine  if  a  site  may  be  nominated  as  suitable  for 
characterization  or  recommended  as  a  candidate  site  for  characterization. 
Higher-level  findings,  however,  must  be  made  to  determine  if  a  site  may  be 
recommended  for  the  development  of  a  repository.  Disqualifying  conditions 


*The  passage  of  the  Nuclear  Waste  Policy  Amendments  Act  of  1987 
(NWPAA,  1987)  may  impact  the  manner  in  which  this  process  is  implemented. 
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Table  8.3.5.6-1.  Findings  for  qualifying  and  disqualifying  conditions 


Disqualifying  condition — lower-level  findings 

Level  1   (a)   The  evidence  does  not  support  a  finding  that  the  site  is 
disqualified. 

(b)   The  evidence  supports  a  finding  that  the  site  is  disqualified. 

Disqualifying  condition — higher-level  findings 

Level  2   (a)   The  evidence  supports  a  finding  that  the  site  is  not  disquali- 
fied on  the  basis  of  that  evidence  and  is  not  likely  to  be 
disqualified. 

(b)   The  evidence  supports  a  finding  that  the  site  is  disqualified 
or  is  likely  to  be  disqualified. 

Qualifying  condition — lower-level  findings 

Level  3   (a)   The  evidence  does  not  support  a  finding  that  the  site  is  not 
likely  to  meet  the  qualifying  condition. 

(b)   The  evidence  supports  a  finding  that  the  site  is  not  likely  to 
meet  the  qualifying  condition,  and  therefore  the  site  is 
disqualified. 

Qualifying  condition — higher-level  findings 

Level  4   (a)   The  evidence  supports  a  finding  that  the  site  meets  the 

qualifying  condition  and  is  likely  to  continue  to  meet  the 
qualifying  condition. 

(b)   The  evidence  supports  a  finding  that  the  site  cannot  meet  the 
qualifying  condition  or  is  unlikely  to  be  able  to  meet  the 
qualifying  condition,  and  therefore  the  site  is  disqualified. 


require  Level  1  and  Level  2  findings,  and  qualifying  conditions  require  Level 
3  and  Level  4  findings.   Each  level  has  both  a  positive  finding  and  a 
negative  finding  associated  with  it. 

Table  8.3.5.6-2  shows  the  findings  previously  made  for  the  qualifying 
and  disqualifying  conditions  concerned  with  preclosure  radiological  safety. 
These  findings  and  the  evidence  supporting  them  are  given  in  the  Yucca 
Mountain  environmental  assessment  (DOE,  1986b) .  The  available  evidence  was 
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Table  8.3.5.6-2.   Preliminary  findings  for  the  qualifying  and  disqualifying 

condition  concerned  with  preclosure  radiological  safety3 


Preclosure  radiological  safety  guide- 
lines qualifying  and  disqualifying 

conditions  (10  CFR  Part  960)  Preliminary  finding* 


960.5-1 (a)  (1)   System  qualifying  condition  Level  3(a) 

960.5-2-1  Population  density  and  distribution 

(a)            Qualifying  condition  Level  3 (a) 

(d) (1)         Disqualifying  condition  1  Level  2(a) 

(d)(2)         Disqualifying  condition  2  Level  2(a) 

(d)(3)         Disqualifying  condition  3  Level  1(a) 

960.5-2-2  Site  ownership  and  control 

(a)            Qualifying  condition  Level  3 (a) 

960.5-2-3  Meteorology 

(a)            Qualifying  condition  Level  3 (a) 

960.5-2-4  Off site  installations  and  operations 

(a)            Qualifying  condition  Level  3 (a) 

(d)            Disqualifying  condition  Level  1 (a) 


Preliminary  findings  from  DOE  (1986b)  . 

bSee  Table  8.3.5.6-1  for  an  explanation  of  the  finding  levels 


sufficient  to  support  a  positive  higher-level  finding  for  the  first  two 
disqualifying  conditions  of  the  population  density  and  distribution  technical 
guideline,  and  a  positive  lower-level  finding  for  the  remaining  qualifying 
and  disqualifying  conditions.   To  determine  if  the  Yucca  Mountain  site  is 
suitable  for  the  development  of  a  repository,  higher-level  findings  must  be 
made  for  all  the  qualifying  and  disqualifying  conditions. 

The  DOE  siting  guidelines  do  not  require  any  findings  similar  to  lower- 
level  or  higher-level  findings  to  be  made  for  the  favorable  or  potentially 
adverse  conditions  of  the  technical  guidelines.  As  stated  in  the  Supple- 
mentary Information  (DOE,  1984b)  for  10  CFR  Part  960  (Overview  of  the 
Guidelines) ,  these  conditions  were  intended  to  be  used  to  predict  the 
suitability  of  a  site  and  provide  a  preliminary  indication  of  system 
performance  before  the  start  of  detailed  site  characterization  studies. 
These  conditions  were  considered  and  used  in  the  identification  of  poten- 
tially acceptable  sites  and  in  the  nomination  and  recommendation  of  sites  as 
suitable  for  characterization.   By  the  completion  of  site  characterization, 
however,  sufficient  data  will  be  available  to  directly  evaluate  site  perform- 
ance against  the  qualifying  conditions  of  the  system  and  technical  guide- 
lines. Therefore,  the  favorable  and  potentially  adverse  conditions  will  not 


8.3.5.6-3 


DECEMBER  1988 

be  considered  in  specific  terms  as  they  were  for  the  environmental  assessment 
(DOE,  1986b) . 

Approach  to  resolving  the  issue 

To  resolve  Issue  2.5,  sufficient  evidence  must  be  available  to  support 
either  a  positive  or  negative  higher-level  finding  for  each  qualifying  and 
disqualifying  condition  associated  with  preclosure  radiological  safety.   Each 
of  the  qualifying  conditions  makes  reference  either  directly  or  through  the 
system  guideline  to  regulatory  requirements  of  the  NRC  (specifically,  10  CFR 
Part  60) .   To  support  a  higher-level  finding  for  the  qualifying  conditions, 
evidence  must  show  whether  the  preclosure  radiological  releases  under  normal 
and  projected  operating  conditions  will  be  within  the  limits  set  by  the  NRC 
and  the  EPA,  given  the  conditions  that  exist  at  the  site.   The  system  guide- 
line looks  at  the  site  conditions  as  a  whole,  and  the  technical  guideline 
looks  at  specific  conditions.   The  disqualifying  conditions  are  also  related 
to  NRC  regulations,  but  not  always  as  explicitly  as  the  qualifying  condi- 
tions. 

Figure  8.3.5.6-1  shows  the  strategy  for  resolving  Issue  2.5.   The  first 
step  is  to  eliminate  from  further  consideration  the  qualifying  and  disquali- 
fying conditions  for  which  higher-level  findings  have  already  been  made. 
This  is  the  case  for  the  first  two  disqualifying  conditions  of  the  population 
density  and  distribution  technical  guideline.  Next,  for  each  remaining  con- 
dition, it  is  determined  whether  the  evidence  presently  available  is  suffi- 
cient to  support  a  higher-level  finding.   This  evidence  consists  of  the 
information  presented  in  the  Yucca  Mountain  environmental  assessment  (DOE, 
1986b)  and  in  Chapters  1  through  7  of  the  SCP .   If  the  evidence  is  suffi- 
cient, the  finding  and  the  evidence  are  documented. 

For  the  qualifying  and  disqualifying  conditions  for  which  there  is  not 
adequate  evidence  available,  the  planned  site  characterization  studies  are 
reviewed  to  determine  if  the  conditions  will  be  investigated.   This  is 
accomplished  by  evaluating  the  resolution  strategies  of  other  preclosure 
radiological  safety  performance  issues  (Issues  2.1  and  2.2,  Sections  8.3.5.3 
and  8.3.5.4)  that  assess  the  ability  of  the  site  to  comply  with  the  NRC's 
preclosure  radiological  safety  regulatory  requirements  under  normal  and 
anticipated  operating  conditions.  As  discussed  previously,  the  qualifying 
and  disqualifying  conditions  are  linked  to  NRC  regulatory  requirements,  and 
evidence  to  support  a  higher-level  finding  must  show  that  the  condition  does 
not  prevent  compliance  with  the  referenced  requirements.   Therefore,  if  the 
concerns  of  the  qualifying  and  disqualifying  conditions  are  being  considered 
in  the  resolution  strategies  of  the  issues  that  assess  compliance  with  the 
regulations,  it  can  be  expected  that  the  evidence  to  support  higher-level 
findings  will  be  made  available  through  the  information  and  analyses  that 
support  resolution  of  these  issues.  A  correlation  of  the  qualifying  and 
disqualifying  conditions  and  the  issues  that  will  supply  the  information  is 
shown  in  Table  8.3.5.6-3. 

After  ensuring  that  the  qualifying  and  disqualifying  conditions  will  be 
investigated,  the  information  necessary  to  assess  compliance  will  be  obtained 
during  site  characterization.   Upon  completion  of  the  assessments,  the 
results  will  be  evaluated  to  determine  if  sufficient  evidence  is  available  to 
support  higher-level  findings.   If  the  evidence  is  sufficient,  the  findings 
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PERFORMANCE    ISSUE    2.5 
RESOLUTION   STRATEGY 


ADDRESS   QUALIFYING   OR 
DISQUALIFYING   CONDITION 


DOCUMENT 
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FINDING    AND 

SUPPORTING 

EVIDENCE 


ENSURE    THAT   THE   CONCERNS   OF 
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BY   OTHER   ISSUES 
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Figure  8.3.5.6-1.       Issue  resolution  strategy  for  Issue  2.5  (higher-level  findings-preciosure  radiological  safety) 


3.5.6-5 


DECEMBER  1988 
Table  8.3.5.6-3. 


Preclosure  performance  issues  that  address  the  concerns  of 
the  preclosure  radiological  safety  qualifying  and 
disqualifying  conditions  covered  by  Issue  2.5 


Guideline 


Issue  2.1 
(Public  radiological 
exposures — normal 
conditions) 


Issue  2.2 

(Worker  radiological 
safety — normal 
conditions) 


Preclosure  system  guideline 

Preclosure  radiological  safety 
qualifying  condition 

Population  density  and  distribution 

Qualifying  condition 
Disqualifying  condition  la 
Disqualifying  condition  2a 
Disqualifying  condition  3b 

Site  ownership  and  control 

Qualifying  condition15 
Meteorology 

Qualifying  condition 

Offsite  installations  and  operations 

Qualifying  condition 
Disqualifying  condition 


x 


aHigher-level  findings  have  been  made  in  the  environmental  assessment 
(DOE,  1986b);  see  Table  8.3.5.6-2. 

bNot  addressed  by  the  issues  and  is  outside  the  scope  of  site  character- 


ization and  this  document 


and  the  evidence  will  be  documented.   If  the  evidence  shows  that  a  negative 
higher-level  finding  must  be  made  for  any  one  of  the  conditions,  i.e.,  that  a 
disqualifying  condition  is  present  or  that  a  qualifying  condition  is  not 
present,  then  the  site  will  be  disqualified.   This  evaluation  will  continue 
until  positive  higher-level  findings  can  be  supported  for  all  the  conditions 
or  until  a  negative  higher-level  finding  must  be  made. 
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If,  in  evaluating  the  results  of  the  assessments,  insufficient  informa- 
tion is  found  to  support  either  a  positive  or  a  negative  higher-level  finding 
for  a  qualifying  or  disqualifying  condition,  additional  information  may  be 
necessary  to  satisfy  existing  information  needs.  Otherwise,  the  resolution 
strategies  of  the  appropriate  performance  issues  will  be  again  reviewed  to 
determine  if,  in  fact,  the  condition  was  adequately  considered.   This  process 
continues  until  there  is  sufficient  evidence  to  support  either  a  positive  or 
negative  higher-level  finding  for  every  qualifying  and  disqualifying 
condition.  As  discussed  previously,  findings  are  not  required  for  the  favor- 
able conditions  or  the  potentially  adverse  conditions  at  this  stage  in  the 
siting  process.   However,  the  DOE's  analysis  indicates  that  the  concerns  of 
these  conditions  are  adequately  addressed  through  the  analyses  of  other 
issues. 

The  following  discusses  the  qualifying  condition  of  the  preclosure 
system  guideline  and  the  qualifying  and  disqualifying  conditions  of  the 
preclosure  technical  guidelines  that  are  concerned  with  preclosure  radio- 
logical safety.   The  ties  of  each  condition  to  the  NRC  regulations  are 
explained,  and  the  preclosure  performance  issue  resolution  strategies  that 
will  be  relied  upon  are  identified.   The  information  relevant  to  each  guide- 
line, which  will  be  collected  during  site  characterization  and  used  in  the 
resolution  of  the  other  issues,  is  also  given. 

System  guideline  qualifying  condition 

The  qualifying  condition  pertaining  to  preclosure  radiological  safety  is 
stated  in  10  CFR  960.5-1  (a)  (1)  as  follows: 

Any  projected  radiological  exposures  of  the  general  public  and  any 
projected  releases  of  radioactive  materials  to  restricted  and 
unrestricted  areas  during  repository  operation  and  closure  shall 
meet  the  applicable  safety  requirements  set  forth  in  10  CFR  Part  20, 
10  CFR  Part  60,  and  40  CFR  191,  Subpart  A 

This  qualifying  condition  is  concerned  with  the  amounts  of  radioactive 
material  that  may  be  released  to  the  environment  before  and  during  permanent 
closure.   The  DOE  distinguishes  between  the  restricted  and  unrestricted 
environment.  The  restricted  area  is  defined  in  10  CFR  960.2  as  "any  area 
access  to  which  is  controlled  by  the  DOE  for  purposes  of  protecting 
individuals  from  exposure  to  radiation  and  radioactive  materials  before 
repository  closure...."  The  unrestricted  area  is  everything  outside  the 
restricted  area. 

10  CFR  60.111  is  the  NRC  performance  objective  that  addresses  the 
performance  of  the  geologic  repository  operations  area  through  permanent 
closure.  Part  (a)  of  this  objective  states  that  radiation  exposures  and 
radiation  levels  through  permanent  closure  must  be  maintained  within  the 
limits  specified  in  10  CFR  Part  20  and  any  that  may  be  established  by  the 
EPA.  Therefore,  to  make  a  higher-level  finding  for  the  qualifying  condition 
of  the  system  guideline  for  preclosure  radiological  safety,  the  ability  of 
the  site  to  comply  with  10  CFR  60.111(a)  must  be  determined. 

The  requirements  of  10  CFR  60.111(a),  10  CFR  Part  20,  and  40  CFR  191, 
Subpart  A,  are  addressed  by  two  preclosure  performance  issues.   Issue  2.1, 
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which  is  discussed  in  Section  8.3.5.3,  is  concerned  with  projected  releases 
to  unrestricted  areas  and  is  stated  as  follows: 

During  repository  operation  and  closure,  (a)  will  the  expected 
average  radiation  dose  to  members  of  the  public  within  any  highly 
populated  area  be  less  than  a  small  fraction  of  the  allowable 
limits,  and  (b)  will  the  expected  radiation  dose  received  by  any 
member  of  the  public  in  an  unrestricted  area  be  less  than  the 
allowable  limits  as  required  by  10  CFR  60.111,  40  CFR  191,  Subpart 
A,  and  10  CFR  Part  20? 

Issue  2.2,  which  is  discussed  in  8.3.5.4,  is  concerned  with  projected 
releases  to  restricted  areas  and  is  stated  as  follows: 

Can  the  repository  be  designed,  constructed  and  operated  in  a  manner 
that  ensures  the  radiological  safety  of  workers  under  normal 
operations  as  required  by  10  CFR  60.111  and  10  CFR  Part  20? 

It  is  the  judgment  of  the  DOE  that  these  two  issues  adequately  cover  the 
concerns  of  the  system  guideline  for  preclosure  radiological  safety.   The 
information  and  analyses  required  to  support  resolution  of  these  issues  will 
thus  provide  sufficient  evidence  to  support  a  higher-level  finding  for  the 
qualifying  condition  of  the  system  guideline.   The  details  of  the  issue 
resolution  strategies  for  these  two  issues  and  the  information  that  will  be 
collected  during  site  characterization  to  resolve  the  issues  are  given  in 
Sections  8.3.5.3  and  8.3.5.4.   No  information  beyond  that  described  in  the 
two  sections  is  expected  to  be  required. 

Population  density  and  distribution  technical  guideline 

The  population  density  and  distribution  technical  guideline  has  one 
qualifying  condition  and  three  disqualifying  conditions. 

Qualifying  condition.   The  qualifying  condition  for  the  population 
density  and  distribution  technical  guideline  is  stated  in  10  CFR  960.5-2-1 (a) 
as  follows: 

The  site  shall  be  located  such  that,  during  repository  operation  and 
closure,  (1)  the  expected  average  radiation  dose  to  members  of  the 
public  within  any  highly  populated  area  will  not  be  likely  to  exceed 
a  small  fraction  of  the  limits  allowable  under  the  requirements 
specified  in  960.5-1  (a)  (1),  and  (2)  the  expected  radiation  dose  to 
any  member  of  the  public  in  an  unrestricted  area  will  not  be  likely 
to  exceed  the  limit  allowable  under  the  requirements  specified  in 
960.5-1  (a)  (1) . 

This  qualifying  condition  is  concerned  with  radioactive  releases  to 
unrestricted  areas  and  subsequent  doses  to  members  of  the  general  public  and 
is  virtually  identical  to  Issue  2.1  (public  radiological  exposures — normal 
conditions),  which  asks  the  following: 

During  repository  operation  and  closure,  (a)  will  the  expected 
average  radiation  dose  to  members  of  the  public  within  any  highly 
populated  area  be  less  than  a  small  fraction  of  the  allowable 
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limits,  and  (b)  will  the  expected  radiation  dose  received  by  any 
member  of  the  public  in  an  unrestricted  area  be  less  than  the 
allowable  limits  as  required  by  10  CFR  60.111,  40  CFR  191,  Subpart 
A,  and  10  CFR  Part  20? 

The  resolution  of  Issue  2.1  will  thus  provide  sufficient  evidence  to 
support  a  higher-level  finding  for  the  qualifying  condition.  The  issue 
resolution  strategy  for  Issue  2.1  and  the  information  that  will  support 
resolution  of  Issue  2.1  are  described  in  detail  in  Section  8.3.5.3,  and  this 
information  is  summarized  in  Table  8.3.5.6-4.   No  information  beyond  that 
described  in  Section  8.3.5.6  is  expected  to  be  required  to  support  a 
higher-level  finding. 

Disqualifying  condition  1.   The  first  of  the  three  disqualifying 
conditions  of  the  population  density  and  distribution  technical  guideline 
(10  CFR  960.5-2-1 (d) (1))  states  that  a  site  will  be  disqualified  if 

(1)  Any  surface  facility  of  a  repository  would  be  located  in  a  highly 
populated  area. 

The  proximity  of  the  site  to  highly  populated  areas  greatly  affects  the 
extent  of  exposures  of  the  general  public  during  the  preclosure  period.   It 
is  desirable  to  locate  a  repository  away  from  highly  populated  areas  to  limit 
doses  to  members  of  the  public.  A  positive  higher-level  finding  has  been 
made  for  this  condition.   The  finding  and  the  supporting  evidence  are  given 
in  the  Yucca  Mountain  environmental  assessment  (DOE,  1986b) . 

Disqualifying  condition  2.   The  second  of  the  three  disqualifying 
conditions  of  the  population  density  and  distribution  technical  guideline 
(10  CFR  960.5-2-1 (d) (2))  states  that  a  site  will  be  disqualified  if 

(2)  Any  surface  facility  of  a  repository  would  be  located  adjacent  to 
an  area  1  mile  by  1  mile  having  a  population  of  not  less  than  1,000 
individuals  as  enumerated  by  the  most  recent  U.S.  census. 

As  with  the  first  disqualifying  condition,  a  positive  higher-level 
finding  has  been  made  for  this  condition.   The  finding  and  the  supporting 
evidence  are  given  in  the  Yucca  Mountain  environmental  assessment  (DOE, 
1986b)  . 

Disqualifying  condition  3.   The  third  of  the  three  disqualifying 
conditions  of  the  population  density  and  distribution  technical  guideline 
(10  CFR  960.5-2-1 (d) (3))  states  that  a  site  shall  be  disqualified  if 

(3)  The  DOE  could  not  develop  an  emergency  preparedness  program  which 
meets  the  requirements  specified  in  DOE  Order  5500.3  (Reactor  and  Non- 
Reactor  Facility  Emergency  Planning,  Preparedness,  and  Response  Program 
for  Department  of  Energy  Operations)  and  related  guides  or,  when  issued 
by  the  NRC,  in  10  CFR  Part  60,  Subpart  I,  Emergency  Planning  Criteria. 

The  development  of  an  emergency  preparedness  program  is  outside  the  scope  of 
site  characterization  and  the  SCP .   The  development  of  such  a  plan  will  be 
discussed  in  Section  8.3.5.3. 
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Table  8.3.5.6-4.  Information  used  in  the  resolution  of  Issue  2.1  (adapted 

from  Table  8.3.5.3-2) 


Population  density  and  distribution 

Distance  from  highly  populated  areas 

Population  located  in  adjacent  1-mile  by  1-mile  area 

Population  density  of  the  region 

Radionuclide  concentration  in  environmental  media  and  individual  doses 

Bioaccumulation  of  radionuclides  in  terrestial  flora 
Bioaccumulation  of  radionuclides  in  terrestial  fauna 
Types  and  amounts  of  crops  raised  and  consumed 
Types  and  amounts  of  animals  raised  and  consumed 
Annual  consumption  of  forage 
Forage  storage  time 
Grazing  yield  and  period 
Radius  of  crop  and  animal  area 

Volumetric  flow  of  surface  water  to  water  bodies 
Population  served  by  local  drinking  water 
Volumetric  flow  of  local  drinking  water 
Recreational  uses  of  water  bodies 

Meteorological  information 

Windspeeds 

Wind  direction 

Atmospheric  stability 

Mixing  layer  depth 

Average  ambient  temperature 

Atmospheric  moisture 

Precipitation:  type,  amount,  intensity,  etc. 

Barometric  pressure 

Size  and  distance  of  topographic  features  from  release  points 

Reference  repository  design  and  supporting  analyses 

Offsite  installations  and  operations 

Location  of  nearby  uranium  fuel  cycle  facilities 

Radionuclides  normally  released  from  nearby  uranium  cycle  facilities 
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Site  ownership  and  control  technical  guideline 

The  site  ownership  and  control  technical  guideline  has  one  qualifying 
condition  and  no  disqualifying  conditions.   The  qualifying  condition  (10  CFR 
960.5-2-2 (a) )  requires  that 

The  site  shall  be  located  on  land  for  which  the  DOE  can  obtain,  in 
accordance  with  the  requirements  of  10  CFR  60.121,  ownership, 
surface  and  subsurface  rights,  and  control  of  access  that  are 
required  in  order  that  surface  and  subsurface  activities  during 
repository  operation  and  closure  will  not  be  likely  to  lead  to 
radionuclide  releases  to  an  unrestricted  area  greater  than  those 
allowable  under  the  requirements  specified  in  960.5-1  (a)  (1). 

This  qualifying  condition  is  concerned  with  the  ability  of  the  DOE  to 
control  the  use  of  the  land  within  which  a  geologic  repository  system  is 
located.   Inability  to  control  such  use  would  affect  the  boundary  of  the 
unrestricted  area,  and  therefore  could  affect  releases  to  the  unrestricted 
area.  Lack  of  such  control  could  also  lead  to  a  disruption  of  repository 
activities. 

The  ability  of  the  DOE  to  obtain  ownership,  surface  and  subsurface 
rights,  and  control  of  access  in  accordance  with  the  requirements  of  10  CFR 
60.121  is  an  institutional  question  that  is  outside  the  scope  of  the  SCP. 
Instead,  this  subject  will  be  addressed  in  future  environmental  program 
planning  activities  (see  Section  8.3.1.11). 

Meteorology  technical  guideline 

The  meteorology  technical  guideline  has  one  qualifying  condition  and  no 
disqualifying  conditions.   The  qualifying  condition  (10  CFR  960.5-2-3  (a) ) 
requires  that 

The  site  shall  be  located  such  that  expected  meteorological 
conditions  during  repository  operation  will  not  be  likely  to  lead  to 
radionuclide  releases  to  an  unrestricted  area  greater  than  those 
allowable  under  the  requirements  specified  in  960 .5-1  (a)  (1) . 

This  qualifying  condition  is  concerned  with  the  effect  of  meteorological 
conditions  only  on  releases  to  unrestricted  areas.   The  releases  expected  at 
a  site,  given  the  meteorological  conditions,  must  be  within  the  limits  set 
for  releases  to  unrestricted  areas. 

The  determination  of  whether  releases  to  unrestricted  areas  are  within 
allowable  limits  is  addressed  by  Issue  2.1  (Section  8.3.5.3).   The  allowable 
limits  are  those  referenced  by  10  CFR  60.111  (10  CFR  Part  20  and  40  CFR  191, 
Subpart  A) .  To  provide  the  information  necessary  to  make  a  higher-level 
finding  for  this  qualifying  condition,  the  evaluation  of  releases  to 
unrestricted  areas  must  take  into  account  the  meteorological  conditions 
expected  at  the  site  during  the  preclosure  period.  Table  8.3.5.6-4  lists  the 
data  identified  through  the  resolution  strategy  for  Issue  2.1,  including 
meteorological  data,  that  will  be  obtained  during  site  characterization. 
Through  the  resolution  of  Issue  2.1,  therefore,  information  is  expected  to  be 
available  to  determine  if  expected  meteorological  conditions  at  the  site  will 
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result  in  radiological  releases  to  unrestricted  areas  greater  than  the  allow- 
able limits.   This  information  will  be  sufficient  to  support  a  higher-level 
finding  for  this  qualifying  condition. 

Offsite  installations  and  operations 

The  offsite  installations  and  operations  technical  guideline  has  one 
qualifying  condition  and  one  disqualifying  condition. 

Qualifying  condition.   The  qualifying  condition  is  stated  in  10  CFR 
960.5-2-4  (a)  as  follows: 

The  site  shall  be  located  such  that  present  projected  effects  from 
nearby  industrial,  transportation,  and  military  installations  and 
operations,  including  atomic  energy  defense  activities,  (1)  will  not 
significantly  affect  repository  siting,  construction,  operation, 
closure,  or  decommissioning  or  can  be  accommodated  by  engineering 
measures  and  (2),  when  considered  together  with  emissions  from 
repository  operation  and  closure,  will  not  be  likely  to  lead  to 
radionuclide  releases  to  an  unrestricted  area  greater  than  those 
allowable  under  the  requirements  specified  in  960.5-1 (a) (1) . 

Offsite  installations  and  operations  can  affect  required  preclosure 
activities  and  the  preclosure  performance  of  a  repository  system  in  two  ways: 
(1)  the  routine  or  anticipated  activities  associated  with  such  operations  or 
installations  could  interfere  with  or  disrupt  repository  development,  and  (2) 
the  offsite  installations  or  operations  could  be  releasing  radioactive  mate- 
rial to  unrestricted  areas  that,  when  combined  with  the  expected  releases 
from  repository  operations,  could  result  in  total  releases  to  unrestricted 
areas  that  are  greater  than  the  allowable  limits.   The  first  part  of  the 
qualifying  condition  is  concerned  with  the  potential  for  offsite  installa- 
tions and  operations  to  significantly  disrupt  repository  development  and 
operations.   The  effects  of  offsite  installations  and  operations  on  reposi- 
tory operations  are  being  evaluated  to  establish  the  normal  and  anticipated 
conditions  under  which  the  repository  will  operate.   For  example,  the  effects 
of  ground  motion  due  to  weapons  testing  at  the  Nevada  Test  Site  will  be 
investigated  and  the  necessary  measures  taken  to  accommodate  such  motion. 
This  investigation  of  normal  and  anticipated  operating  conditions  is  dis- 
cussed in  the  resolution  strategies  of  Issues  2.1  and  2.2  (public  and  worker 
radiological  safety — normal  conditions) .   The  second  part  of  the  qualifying 
condition  is  concerned  with  total  combined  releases  to  unrestricted  areas 
from  offsite  installations  and  operations.   The  combined  total  radionuclide 
releases  to  unrestricted  areas  under  normal  and  anticipated  operational 
conditions  will  be  evaluated  in  resolving  Issue  2.1.   The  NRC  requires  that, 
in  calculating  combined  total  releases,  only  releases  from  nuclear-fuel-cycle 
facilities  need  to  be  considered.   However,  through  monitoring  to  establish 
background  radiation  levels  at  the  site,  releases  from  all  other  types  of 
offsite  installations  and  operations,  such  as  the  Nevada  Test  Site,  will  be 
determined.  The  evaluations  and  information  obtained  to  resolve  Issue  2.1 
are  therefore  expected  to  be  sufficient  to  support  a  higher-level  finding  for 
the  qualifying  condition  of  the  offsite  installations  and  operations 
technical  guideline. 
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Disqualifying  condition.   The  offsite  installations  and  operations 
technical  guideline  disqualifying  condition  is  stated  in  10  CFR  960.5-2-4 (d) 
as  follows: 

A  site  shall  be  disqualified  if  atomic  energy  defense  activities  in 
proximity  to  the  site  are  expected  to  conflict  irreconcilably  with 
repository  siting,  construction,  operation,  closure,  and  decommis- 
sioning. 

This  condition  is  the  inverse  of  the  first  part  of  the  qualifying 
condition.  As  discussed  previously,  the  existence  of  offsite  installations 
and  operations,  including  those  activities  related  to  atomic  energy  defense, 
could  conflict  with  or  disrupt  the  activities  required  for  repository  devel- 
opment and  operation,  or  they  could  result  in  total  combined  releases  such 
that  the  applicable  limits  would  be  exceeded.   Issue  2.1  will  investigate  the 
effects  of  offsite  installations  and  operations  on  preclosure  radiological 
safety  (see  the  previous  discussion  of  the  qualifying  condition) .   These 
investigations  will  provide  the  information  necessary  to  support  a  higher- 
level  finding  for  this  disqualifying  condition. 
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8.3.5.7  Issue  resolution  strategy  for  Issue  4.1:   Can  the  higher-level 
findings  required  by  10  CFR  Part  960  be  made  for  the  qualifying 
condition  of  the  preclosure  system  guideline  and  the  disqualifying 
and  qualifying  conditions  of  the  technical  guidelines  for  surface 
characteristics,  rock  characteristics,  hydrology,  and  tectonics? 

Regulatory  basis  for  the  issue 

The  DOE  has  established  a  set  of  siting  guidelines  to  be  used  as  a  basis 
for  evaluating  the  suitability  of  potential  repository  sites  during  the  site 
selection  process.*  These  siting  guidelines,  which  are  set  forth  in  10  CFR 
Part  960,  are  separated  into  two  categories:  those  that  address  postclosure 
conditions  (10  CFR  960.4)  and  those  that  address  preclosure  conditions 
(10  CFR  960.5).  The  manner  in  which  the  siting  guidelines  must  be  addressed 
during  the  siting  process  is  described  in  the  DOE  Implementation  Guidelines 
(10  CFR  960.3) . 

DOE's  preclosure  system  guideline  and  technical  guidelines  related  to 
ease  and  cost  of  construction  are  the  subject  of  this  issue  (4.1).   These 
guidelines  consist  of  a  system  guideline  and  four  technical  guidelines.   The 
system  guideline  is  concerned  with  the  technical  feasibility  and  relative 
cost  of  siting,  constructing,  operating,  and  closing  a  repository  at  a  given 
site.   Specific  concerns  are  whether  special  engineering  measures  beyond  the 
bounds  of  reasonably  available  technology  may  be  necessary  for  repository 
construction,  operation,  and  closure,  and  whether  the  cost  of  repository 
construction,  operation,  and  closure  may  be  unreasonable  in  comparison  with 
the  other  repository  siting  options  if  a  large  number  of  special  measures 
were  necessary  for  these  phases.   The  Nuclear  Waste  Policy  Amendments  Act  of 
1987  (NWPAA,  1987)  identified  the  Yucca  Mountain  site  as  the  only  site  to  be 
characterized.  As  a  consequence,  the  requirement  for  comparative  evaluation 
of  costs  is  no  longer  appropriate. 

Each  technical  guideline  is  concerned  with  the  effect  of  some  specific 
aspect  of  site  conditions  on  the  concerns  expressed  in  the  system  guideline. 
Each  technical  guideline  has  a  qualifying  condition  that  must  be  met  for  the 
site  to  be  acceptable.   In  addition,  three  of  the  technical  guidelines  have  a 
disqualifying  condition.  A  site  is  unacceptable  if  any  one  of  the  disquali- 
fying conditions  is  found  to  be  present.  The  technical  guidelines  also 
identify  favorable  conditions  and  potentially  adverse  conditions  that 
describe  characteristics  of  the  setting  that,  if  present,  could  benefit  or 
adversely  affect  the  ease  or  cost  of  constructing,  operating,  or  closing  a 
repository. 

The  Implementation  Guidelines  require  that  the  qualifying  and  disquali- 
fying conditions  of  the  system  and  technical  guidelines  be  evaluated  and  that 
specific  findings  be  made  for  each  condition  at  principal  decision  points  in 
the  siting  process.   These  findings  are  stated  in  10  CFR  Part  960,  Appendix 
III,  and  are  shown  in  Table  8.3.5.7-1. 


*The  passage  of  the  Nuclear  Waste  Policy  Amendments  Act  of  1987 
(NWPAA,  1987)  may  impact  the  manner  in  which  this  process  is  implemented. 
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Table  8.3.5.7-1.   Findings  for  qualifying  and  disqualifying  conditions 


Disqualifying  condition — lower-level  findings 

Level  1   (a)   The  evidence  does  not  support  a  finding  that  the  site  is 
disqualified. 

(b)   The  evidence  supports  a  finding  that  the  site  is  disqualified. 

Disqualifying  condition — higher-level  findings 

Level  2   (a)   The  evidence  supports  a  finding  that  the  site  is  not  disquali- 
fied on  the  basis  of  that  evidence  and  is  not  likely  to  be 
disqualified. 

(b)   The  evidence  supports  a  finding  that  the  site  is  disqualified 
or  is  likely  to  be  disqualified. 

Qualifying  condition — lower-level  findings 

Level  3   (a)   The  evidence  does  not  support  a  finding  that  the  site  is  not 
likely  to  meet  the  qualifying  condition. 

(b)   The  evidence  supports  a  finding  that  the  site  is  not  likely  to 
meet  the  qualifying  condition,  and  therefore  the  site  is 
disqualified. 

Qualifying  condition — higher-level  findings 

Level  4   (a)   The  evidence  supports  a  finding  that  the  site  meets  the 

qualifying  condition  and  is  likely  to  continue  to  meet  the 
qualifying  condition. 

(b)   The  evidence  supports  a  finding  that  the  site  cannot  meet  the 
qualifying  condition  or  is  unlikely  to  be  able  to  meet  the 
qualifying  condition,  and  therefore  the  site  is  disqualified. 


There  are  four  levels  of  findings — disqualifying  and  qualifying  condi- 
tions both  require  a  lower-level  and  higher-level  finding.   Lower-level 
findings  must  be  made  to  determine  if  a  site  may  be  nominated  as  suitable  for 
characterization  or  recommended  as  a  candidate  site  for  characterization. 
Higher-level  findings,  however,  are  the  findings  that  must  be  made  to 
determine  if  a  site  may  be  recommended  for  the  development  of  a  repository. 
Disqualifying  conditions  require  Level  1  and  Level  2  findings,  and  qualifying 
conditions  require  Level  3  and  Level  4  findings.   Each  level  has  both  a 
positive  finding  and  a  negative  finding  associated  with  it. 
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Table  8.3.5.7-2  shows  the  findings  previously  made  for  the  guideline 
gualifying  and  disqualifying  conditions  concerned  with  preclosure  ease  and 
cost  of  construction.   These  findings  and  the  evidence  supporting  them  are 
given  in  the  Yucca  Mountain  Project  environmental  assessment  (DOE,  1986b) . 
The  available  evidence  was  sufficient  to  support  positive  lower-level 
findings  for  the  qualifying  and  disqualifying  conditions  of  the  technical 
guidelines  and  the  specified  preclosure  system  guideline.  To  determine  if 
the  Yucca  Mountain  site  is  suitable  for  the  development  of  a  repository, 
therefore,  higher-level  findings  must  be  made  for  the  qualifying  and 
disqualifying  conditions  of  the  system  and  technical  guideline. 

The  DOE  siting  guidelines  do  not  require  any  findings  similar  to  lower- 
level  or  higher-level  findings  to  be  made  for  the  favorable  or  potentially 
adverse  conditions  of  the  technical  guidelines.  As  stated  in  the  Supplemen- 
tary Information  (DOE,  1984b)  for  10  CFR  Part  960,  Overview  of  the  Guide- 
lines, these  conditions  were  intended  to  be  used  to  predict  the  suitability 
of  a  site  and  provide  a  preliminary  indication  of  system  performance  before 
the  start  of  detailed  site  characterization  studies.   These  conditions  were 
considered  and  used  in  the  identification  of  potentially  acceptable  sites, 
and  in  the  nomination  and  recommendation  of  sites  as  suitable  for 
characterization.   By  the  completion  of  site  characterization,  however, 
sufficient  data  will  be  available  to  directly  evaluate  site  performance  and 
repository  designs  against  the  qualifying  conditions  of  the  system  and  tech- 
nical guidelines.   Therefore,  the  favorable  and  potentially  adverse  condi- 
tions will  not  be  considered  in  specific  terms  as  they  were  for  the  environ- 
mental assessment  (DOE,  1986b) . 

Approach  to  resolving  the  issue 

Key  Issue  4  is  basically  concerned  with  design  concepts,  whereas  Key 
Issue  1  and  Key  Issue  2  are  concerned  with  postclosure  and  preclosure  aspects 
of  repository  performance.   Key  Issue  1  is  concerned  with  performance  of  the 
repository  as  compared  with  the  postclosure  release  standard  and  other 
requirements  as  implemented  in  10  CFR  Part  60.   Key  Issue  2  is  concerned  with 
the  preclosure  performance  of  the  repository  as  compared  with  the  allowable 
release  limits  as  specified  in  10  CFR  60.111,  40  CFR  191  Part  A,  and  10  CFR 
Part  20.   Key  Issue  4,  on  the  other  hand,  is  concerned  with  the  feasibility 
and  availability  of  the  technology  needed  to  construct,  operate,  and  close 
the  repository,  and  with  the  reasonableness  of  the  cost  associated  with  the 
repository  in  comparison  with  the  other  sites  under  consideration.   Since  the 
passage  of  the  NWPAA,  the  Yucca  Mountain  site  is  the  only  site  under  con- 
sideration and  the  requirement  for  the  comparative  evaluation  of  costs  is  no 
longer  applicable  (NWPAA,  1987)  .  As  noted,  these  are  design  topics.   The 
reader  should  specifically  note  that  the  higher-level  findings  required  for 
Issue  1.9  (higher-level  findings — postclosure)  and  Issue  2.5  (higher-level 
findings — preclosure  radiological  safety)  are  concerned  with  repository 
performance  by  comparison  with  numerical  standards.   The  strategies  for 
resolving  these  two  issues  reference  other  related  performance  issues  in 
outlining  the  information  needed  to  make  these  findings.   Conversely,  the 
higher-level  findings  required  for  Issue  4.1  (this  issue)  are  concerned  with 
design  questions  of  feasibility  and  safety  for  which  there  are  no  numerical 
standards,  and  the  resolution  strategy  described  below  references  related 
design  issues  to  indicate  the  source  of  the  information  needed  to  make  these 
findings. 
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Table  8.3.5.7-2.   Preliminary  findings  for  the  qualifying  and  disqualifying 

conditions  concerned  with  ease  and  cost  of  construction.3 


Preliminary 

Preclosure  guideline  (10  CFR  Part  960)  findingb 

960.5-1  (a)  (3)  System  qualifying  condition  Level  3(a) 

960.5-2-8  Surface  characteristics 

(a)        Qualifying  condition  Level  3(a) 

960.5-2-9  Rock  characteristics 

(a)        Qualifying  condition  Level  3(a) 

(d)        Disqualifying  condition  Level  3 (a) 

960.5-2-10  Hydrology 

(a)        Qualifying  condition  Level  3 (a) 

(d)       Disqualifying  condition  Level  3(a) 

960.5-2-11  Tectonics 

(a)        Qualifying  condition  Level  3 (a) 

(d)        Disqualifying  condition  Level  3 (a) 


Preliminary  findings  from  DOE  (1986b)  . 

bSee  Table  8.3.5.7-1  for  an  explanation  of  the  finding  levels 


To  resolve  Issue  4.1  sufficient  evidence  must  be  available  to  support 
either  a  positive  or  negative  higher-level  finding  for  each  qualifying  and 
disqualifying  condition  associated  with  the  preclosure  guideline  on  ease  and 
cost  of  construction,  operation  and  closure.   Each  of  the  qualifying  condi- 
tions references  the  requirement  for  technical  feasibility  based  on 
reasonably  available  technology.   In  making  higher-level  findings  for  the 
qualifying  and  disqualifying  conditions,  specific  aspects  of  the  geologic 
setting  must  be  considered  in  the  evaluation  of  this  requirement. 

Figure  8.3.5.7-1  shows  the  strategy  for  resolving  Issue  4.1.  The  first 
step  is  to  eliminate,  if  possible,  from  further  consideration  the  qualifying 
and  disqualifying  conditions  for  which  higher-level  findings  have  already 
been  made.   In  the  group  of  technical  guidelines  subsumed  by  Issue  4.1,  there 
are  none  that  meet  this  condition.  Next,  for  each  condition,  it  is  deter- 
mined whether  the  evidence  presently  available  is  sufficient  to  support  a 
higher-level  finding.   This  evidence  consists  of  the  information  presented  in 
the  Yucca  Mountain  Project  environmental  assessment  (DOE,  1986b)  and  in 
Chapters  1  through  7  of  the  SCP .   If  the  evidence  is  sufficient,  the  finding 
and  the  evidence  are  documented. 
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Figure  8.3.5.7-1.      Issue  resolution  strategy  for  Issue  4  1  (higher-level  findings        ease  ana  cost  of  construction) 


8.3.5.7-5 


DECEMBER  1988 

For  the  qualifying  and  disqualifying  conditions  for  which  there  is  not 
adequate  evidence  available,  the  planned  site  characterization  studies  are 
reviewed  to  determine  if  the  conditions  will  be  investigated.   This  is 
accomplished  by  evaluating  the  resolution  strategies  for  Issues  4.2  through 
4.4,  the  preclosure  design  issues  that  are  relevant  to  the  evaluation  of 
Performance  Issue  4.1.   These  issue  resolution  strategies  address  design 
concerns  in  terms  of  the  proposed  technologies  for  construction,  operation, 
and  closure  being  reasonably  available.   Resolution  of  Issue  4.5,  (total 
system  costs) ,  which  was  intended  to  provide  the  strategy  for  comparative 
evaluation  of  costs  as  called  for  by  the  performance  issue,  is  no  longer 
appropriate  or  necessary  since  the  passage  of  the  NWPAA  (NWPAA,  1987) . 
Therefore,  if  the  concerns  of  the  qualifying  and  disqualifying  conditions  are 
being  considered  in  the  resolution  strategies  of  these  issues,  then  the 
evidence  to  support  higher-level  findings  will  be  made  available  through  the 
information,  analyses,  and  assessments  that  support  resolution  of  these 
design  issues.  A  correlation  of  the  qualifying  and  disqualifying  conditions 
and  the  issues  that  will  supply  the  information  is  shown  in  Table  8.3.5.7-3. 

After  ensuring  that  the  qualifying  and  disqualifying  conditions  will  be 
investigated,  the  information  necessary  to  assess  compliance  will  be  obtained 
during  site  characterization.  Upon  completion  of  the  assessments,  the 
results  will  be  evaluated  to  determine  if  sufficient  evidence  is  available  to 
support  higher-level  findings.   If  the  evidence  is  sufficient,  the  findings 
and  the  evidence  will  be  documented.   If  the  evidence  shows  that  a  negative 
higher-level  finding  must  be  made  for  any  one  of  the  conditions,  i.e.,  that  a 
disqualifying  condition  is  present  or  that  a  qualifying  condition  is  not 
present,  then  the  site  will  be  disqualified.   This  evaluation  will  continue 
until  positive  higher-level  findings  can  be  supported  for  all  the  conditions 
or  until  a  negative  higher-level  finding  must  be  made. 

If,  in  evaluating  the  results  of  the  assessments,  insufficient  informa- 
tion is  found  to  support  either  a  positive  or  a  negative  higher-level  finding 
for  a  qualifying  or  disqualifying  condition,  additional  data  or  analyses  may 
be  necessary  to  satisfy  existing  information  needs.   The  resolution  strate- 
gies of  the  appropriate  design  issues  will  be  reviewed  to  determine  if,  in 
fact,  the  condition  was  adequately  considered  and  the  related  information 
needs  were  satisfied.   If  not,  the  strategies  for  the  design  issues  will  be 
revised  and  new  information  needs  will  be  identified  as  necessary,  additional 
data  will  be  collected,  and  compliance  will  be  reassessed.   This  process 
continues  until  there  is  sufficient  evidence  to  support  either  a  positive  or 
a  negative  higher-level  finding  for  every  qualifying  and  disqualifying 
condition.  As  discussed  previously,  findings  are  not  required  for  the 
favorable  conditions  or  the  potentially  adverse  conditions  at  this  stage  in 
the  siting  process.  However,  the  DOE's  analyses  indicate  that  the  concerns 
of  these  conditions  are  adequately  addressed  through  the  data  and  analyses  of 
other  issues. 

System  Guideline  Qualifying  Condition 

The  preclosure  system  guideline  qualifying  condition  on  ease  and  cost  of 
siting,  construction,  operation,  and  closure  is  stated  in  10  CFR 
960.5-1  (a)  (3)  as  follows: 
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Repository  siting,  construction,  operation,  and  closure  shall  be 
demonstrated  to  be  technically  feasible  on  the  basis  of  reasonably 
available  technology,  and  the  associated  costs  shall  be  demonstrated 
to  be  reasonable  relative  to  other  available  and  comparable  siting 
options. 

This  qualifying  condition  is  concerned  with  the  feasibility  of  a  poten- 
tial repository  site  from  the  perspectives  of  the  relative  reasonableness  of 
the  cost  of  siting,  constructing,  operating,  and  closing  the  facility  com- 
pared with  the  other  siting  options.   Since  the  passage  of  the  NWPAA,  this 
portion  of  the  qualifying  condition  no  longer  needs  to  be  addressed  in  making 
a  finding  on  the  system  guideline  (NWPAA,  1987) .   The  condition  is  also 
concerned  with  the  availability  of  the  technology  required  to  implement  the 
design  developed  to  meet  the  regulatory  requirements  expressed  under  Key 
Issues  1  and  2,  as  well  as  the  other  concerns  addressed  under  Key  Issue  4. 
To  make  the  higher-level  finding  for  this  qualifying  condition,  the  evidence 
must  be  available  to  (1)  establish  the  properties  of  the  host  rock  and  the 
character  of  the  site  and  to  develop  constitutive  models,  (2)  develop  and 
demonstrate  site-specific  equipment  for  packaging  and  handling  the  waste  and 
to  perform  specific  mining  and  drilling  tasks,  (3)  identify  site-specific 
seal  requirements  and  develop  site-specific  materials,  designs,  and  emplace- 
ment techniques  for  the  seals,  and  (4)  integrate  the  resulting  information 
into  an  overall  design  that  will  meet  the  functional  requirements  and  per- 
formance criteria  established  for  the  repository.   The  design  task  is  an 
evolutionary  and  iterative  process  that  includes  (1)  the  formulation,  test- 
ing, and  refinement  of  concepts,  (2)  the  combination  of  concepts  into  the 
design,  (3)  analyses  of  the  design  for  technical  validity,  (4)  comparisons  of 
the  design  with  criteria  and  requirements,  and  (5)  the  evaluation  of  costs  to 
implement  the  design.   This  sequence  is  repeated  and  refined  until  the  design 
meets  the  requirements  established  for  performance,  efficiency,  and  cost 
effectiveness. 

The  information  that  will  be  used  to  support  the  higher-level  finding 
for  this  qualifying  condition  derives  primarily  from  the  design  and  cost 
evaluation  of  the  facility  as  addressed  under  Issues  4.4  and  4.5.  Therefore, 
the  site  characteristic  information  used  in  the  development  of  the  design  is 
included.  An  effort  has  been  made  to  centralize  repository  design  activities 
for  the  Yucca  Mountain  site  under  Issue  4.4  (preclosure  design  and  technical 
feasibility) .   Thus,  although  postclosure  facility  design  and  design  require- 
ments for  preclosure  radiological  safety  are  not  explicitly  addressed  under 
Key  Issue  4,  the  design  prepared  under  Key  Issue  4  incorporates  these 
concerns  in  addition  to  those  expressed  in  Issue  4.1  (see  Section  8.3.2.1). 

Surface  characteristics 

There  is  one  qualifying  condition  for  this  technical  guideline  for  which 
higher-level  findings  must  be  made. 

Qualifying  condition.   The  qualifying  condition  for  the  technical 
guideline  on  surface  characteristics  (10  CFR  960 .5-2-8  (a) )  is  as  follows: 

The  site  shall  be  located  such  that,  considering  the  surface  charac- 
teristics and  conditions  of  the  site  and  surrounding  area  including 
surface  water  systems  and  the  terrain,  the  requirements  specified  in 
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10  CFR  960.5-1 (a) (3)  can  be  met  during  repository  siting, 
construction,  operation,  and  closure. 

The  qualifying  condition  is  concerned  with  the  potential  for  surface 
conditions  of  the  site  and  surrounding  area  that  could  impact  the  ability  of 
the  site  to  meet  the  cost  and  technical  feasibility  requirements  specified  in 
the  system  guideline.  Assurance  that  the  preclosure  system  can  be  construc- 
ted and  operated  under  the  surface  conditions  present  or  credibly  expected  to 
be  encountered  must  be  provided.  A  determination  of  the  surface  character- 
istics and  conditions,  as  well  as  credible  events,  is  required  for  the 
evaluation  needed  to  determine  compliance  with  the  system  guideline  and  to 
make  the  higher-level  finding  required  for  this  qualifying  condition. 

The  impact  of  surface  characteristics  on  repository  preclosure 
performance  will  be  evaluated  in  support  of  the  resolution  of  Issue  4.4 
(Section  8.3.2.5).   These  evaluations  will  also  serve  as  the  basis  for  making 
a  higher-level  finding  for  the  qualifying  condition  of  the  guideline  on 
surface  characteristics  under  Issue  4.1.   No  additional  information  outside 
the  information  needs  identified  as  being  needed  for  resolution  of  Issue  4.4 
is  required. 

The  link  between  the  information  required  for  making  a  higher-level 
finding  on  the  qualifying  condition  for  the  technical  guideline  on  surface 
characteristics  and  the  information  needs  identified  to  support  resolution  of 
preclosure  design  Issue  4.4  is  identified  in  Table  8.3.5.7-4. 

Rock  characteristics 

There  are  three  qualifying  and  one  disqualifying  conditions  for  this 
technical  guideline  for  which  higher-level  findings  must  be  made. 

Qualifying  conditions.   The  qualifying  conditions  for  the  technical 
guideline  on  rock  characteristics  (10  CFR  960 . 5-2-9  (a) )  are  as  follows: 

The  site  shall  be  located  such  that: 

(1)  the  thickness  and  lateral  extent  and  the  characteristics  and 
composition  of  the  host  rock  will  be  suitable  for  accommodation  of  the 
underground  facility; 

(2)  repository  construction,  operation,  and  closure  will  not  cause  undue 
hazard  to  personnel;  and 

(3)  the  requirements  specified  in  10  CFR  960.5-1 (a) (3)  can  be  met. 

The  qualifying  conditions  for  preclosure  rock  characteristics  require 
that  the  host  rock  must  be  capable  of  safely  accommodating  the  construction, 
operation,  and  closure  of  the  underground  facility  using  reasonably  available 
technology.  A  determination  of  the  characteristics  and  properties  for  the 
geologic  setting  in  which  construction  activities  are  proposed  is  required  to 
determine  compliance  with  the  system  guideline  and  to  make  a  higher-level 
finding  for  this  qualifying  condition. 
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Table  8.3.5.7-4.   Surface  characteristics  information  considered  in  making 
the  higher-level  finding  for  the  gualifying  condition  of 
the  surface  characteristics  guideline,  and  issues  for  which 
the  information  will  be  obtained 


Issue  Information 

4.2  No  surface  characteristics  information  reguired 

4.3  No  surface  characteristics  information  needed 

4.4  Surface  topography  at  facility  locations 

Surface  topography  at  candidate  mined  material  storage  area 

Surface  topography  at  underground  access  locations 

Surface  topography  of  surface  facility  sites 

Surface  topography  on  access  routes 

Surface  topography  at  facility  locations 

Allowable  foundation  bearing  load  pressure  for  soil  considering 

shear  failure  and  settlement  (total  and  differential) 
Allowable  foundation  bearing  load  pressure  for  rock  considering 

shear  failure  and  settlement  (total  and  differential) 
Active  and  passive  soil  pressures  for  flexible  and  rigid 

structural  walls 
Active  and  passive  rock  pressure  for  flexible  and  rigid 

structural  walls 
Factor  of  safety  for  an  identified  mechanism  of  potential  slope 

failure  in  soil  for  static  and  dynamic  loading  conditions 
Factor  of  safety  for  an  identified  mechanism  of  potential  slope 

failure  in  rock  for  static  and  dynamic  loading  conditions 
Magnitude  and  rate  of  time  dependent  settlement  in  soils  below 

earthfills 
Magnitude  and  rate  of  swell  in  subgrade  soils  below  roads 
Magnitude  of  soil  collapse  below  surface  facilities  (foundations, 

earthfills,  and  roads)  due  to  saturation  and/or  loading 
Soil  liguefaction  potential  for  saturated  low  density  soils  under 

dynamic  loading  conditions 


The  characteristics  and  properties  of  the  host  rock  must  be  determined 
in  support  of  evaluations  made  for  resolution  of  design  Issue  4.4.   Evalua- 
tions of  these  characteristics  and  properties  will  serve  as  the  basis  for 
making  the  higher-level  finding  for  the  gualifying  condition  of  the  technical 
guideline  on  rock  characteristics  under  Issue  4.1.  Other  than  the  informa- 
tion needs  identified  for  the  design  issue  just  cited,  no  additional  informa- 
tion is  reguired. 
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The  link  between  the  information  required  for  making  a  higher-level 
finding  on  the  qualifying  condition  for  the  technical  guideline  on  rock 
characteristics  and  the  information  needs  identified  to  support  resolution  of 
preclosure  design  issues  is  identified  in  Table  8.3.5.7-5. 

Disqualifying  condition.   The  disqualifying  condition  for  the  technical 
guideline  on  rock  characteristics  (10  CFR  960.5-2-9 (d) )  is  in  Table 
8.3.5.7-5.  The  site  shall  be  disqualified  if  the  rock  characteristics  are 
such  that  the  activities  associated  with  repository  construction,  operation, 
or  closure  are  predicted  to  cause  significant  risk  to  the  health  and  safety 
of  personnel,  taking  into  account  mitigating  measures  that  use  reasonably 
available  technology. 

The  information  identified  in  Table  8.3.5.7-5  will  also  support  the 
evaluation  necessary  to  reach  the  required  higher-level  finding  for  this 
disqualifying  condition. 

Hydrology 

There  are  three  qualifying  and  one  disqualifying  conditions  for  this 
technical  guideline  for  which  higher-level  findings  must  be  made. 

Qualifying  conditions.  The  qualifying  conditions  for  the  technical 
guideline  on  hydrology  (10  CFR  960 .5-2-10  (a) )  are  as  follows: 

The  site  shall  be  located  such  that  the  geohydrologic  setting  of  the 
site  will 

(1)  be  compatible  with  the  activities  required  for  repository 
construction,  operation,  and  closure; 

(2)  not  compromise  the  intended  functions  of  the  shaft  liners  and 
seals;  and 

(3)  permit  the  requirements  specified  in  10  CFR  960.5-1 (a) (3)  to  be 
met. 

These  qualifying  conditions  require  that  the  present  and  expected 
characteristics  of  the  geohydrologic  setting  be  compatible  with  the  safe 
construction,  operation,  and  closure  of  the  repository  using  reasonably 
available  technology  as  required  by  the  system  guideline.  A  determination  of 
the  hydrologic  characteristics  and  properties  within  the  geologic  setting  is 
required  for  the  evaluations  needed  to  determine  compliance  with  the  system 
guideline  and  to  make  a  higher-level  finding  for  these  qualifying  conditions. 

Evaluations  of  the  geohydrologic  setting  and  of  the  resulting  impact  on 
repository  preclosure  performance  will  be  performed  in  support  of  the  resolu- 
tion of  Issue  4.4.  These  evaluations  will  serve  as  the  basis  for  making  a 
higher-level  finding  for  the  qualifying  condition  of  the  geohydrology  guide- 
line under  Issue  4.1.  Other  than  the  information  needs  identified  for  the 
design  issue  just  cited,  no  additional  information  is  required. 
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Table  8.3.5.7-5.  Rock  characteristics  information  considered  in  making 
the  higher-level  finding  for  the  gualifying  condition 
of  the  rock  characteristics  guideline,  and  issues 
for  which  the  information  will  be  obtained 


Issue  Information 


4.2  No  site  rock  characteristics  information  is  requested  directly  by 

this  issue 

4.3  No  site  rock  characteristics  information  is  requested  directly  by 

this  issue 

4.4  Description  and  frequency  of  abnormal  conditions  in  rock  mass 
Initial  formation  temperature 

Thermal  conductivity  of  rock 

Heat  capacity  of  rock 

Rock  properties  in  primary  area 

Poisson's  ratio  (intact  rock) 

In  situ  stress  (rock  mass) 

Coefficient  of  thermal  expansion  (rock  mass) 

Thermal  conductivity  (rock  mass) 

Young's  modulus  (intact  rock) 

Deformation  modulus  (rock  mass) 

Heat  capacity 

Unconfined  compressive  strength  (intact  rock) 

Cohesion  of  rock  and  angle  of  internal  friction — intact 
rock  (compressive  strength  as  a  function  of  confining 
pressure) 

Joint  normal  and  shear  stiffness  properties  (fractures) 

Joint  wall  compressive  strength  (fracture  surfaces) 

Joint  roughness  coefficient  (fracture  surfaces) 

Cohesion  and  coefficient  of  friction  (fractures) 

Joint  frequency  and  spacing 

Joint  orientation 

Number  of  joint  sets 

Joint  roughness  and  condition  of  joints 

Rock  quality  designation 

Joint  alteration 

Construction  method 

Presence  of  swelling  or  squeezing  ground 

Water  inflow 

Expected  seismic  loading 
Stratigraphic  features 

Depth,  thickness,  and  lateral  extent  of  host  rock 

Stratigraphy  and  structural  features 
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The  link  between  the  information  required  for  making  a  higher-level 
finding  on  the  qualifying  condition  for  the  technical  guideline  on  hydrology 
and  the  information  needs  identified  to  support  resolution  of  preclosure 
design  issues  is  identified  in  Table  8.3.5.7-6. 

Disqualifying  condition.  The  disqualifying  condition  for  the  technical 
guideline  on  hydrology  (10  CFR  960.5-2-10 (d) )  is  as  follows: 

A  site  shall  be  disqualified  if,  based  on  expected  ground  water 
conditions,  it  is  likely  that  engineering  measures  that  are  beyond 
reasonably  available  technology  will  be  required  for  exploratory  shaft 
construction  or  for  repository  construction,  operation,  or  closure. 

The  information  identified  in  Table  8.3.5.7-6  will  also  support  the 
evaluation  necessary  to  reach  the  required  higher-level  finding  for  this 
disqualifying  condition. 

Tectonics 

There  is  one  qualifying  and  one  disqualifying  condition  for  this 
technical  guideline  for  which  a  higher-level  finding  must  be  made. 

Qualifying  condition.  The  qualifying  condition  for  the  technical 
guideline  on  tectonics  (10  CFR  960.5-2-11  (a) )  is  as  follows: 

The  site  shall  be  located  in  a  geologic  setting  in  which  any  projected 
effects  of  expected  tectonic  phenomena  or  igneous  activity  on  repository 
construction,  operation,  or  closure  will  be  such  that  the  requirements 
specified  in  10  CFR  960.5-1  (a)  (3)  can  be  met. 

The  characteristics  and  probability  of  occurrence  of  tectonic  and 
igneous  processes  and  events  must  be  determined  to  identify  the  potentially 
disruptive  scenarios  that  may  affect  the  ability  of  the  site  to  meet  the 
preclosure  requirements  on  ease  and  cost  of  construction,  operation,  and 
closure  as  specified  in  the  system  guideline  and  to  make  a  higher-level 
finding  for  this  qualifying  condition.  An  evaluation  of  these  same 
processes,  events,  and  scenarios  is  also  required  to  support  the  resolution 
of  Issue  4.4.  The  information  identified  as  being  needed  to  resolve  this 
design  issue  will  serve  as  the  basis  for  the  required  higher-level  finding 
for  the  qualifying  condition  for  tectonics  under  Issue  4.1.  No  new 
information  needs  are  required  for  the  higher-level  finding  for  this 
qualifying  condition. 

The  link  between  the  information  required  for  making  a  higher-level 
finding  on  the  technical  guideline  for  tectonics  and  the  information  needs 
identified  to  support  the  resolution  of  other  preclosure  issues  is  identified 
in  Table  8.3.5.7-7. 

Disqualifying  condition.  The  disqualifying  condition  for  the  technical 
guideline  on  tectonics  (10  CFR  960.5-2-11 (d) )  is  as  follows: 
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Table  8.3.5.7-6, 


Hydrologic  information  considered  in  making  the 
higher-level  finding  for  the  qualifying  condition 
of  the  hydrology  guideline,  and  issues  for  which 
the  information  will  be  obtained 


Issue 


Information 


4.2  No  site  hydrologic  characteristics  are  requested  directly  by  this 

issue 

4.3  No  site  hydrologic  characteristics  are  requested  directly  by  this 

issue 

4.4  Surface 

Surface  hydrology  for  5-,  25-,  50-,  100-,  500-year  flood 

and  the  probable  maximum  flood  (PMF) 
Area  of  inundation 
Surface  water  systems,  stream  flow  rate,  quantities  and 

durations,  channel  morphology 
Subsurface 

Aquifer  locations 

Aquifer  characteristics 

Sustained  yield  of  pumped  water  source  for  operational  water 


A  site  shall  be  disqualified  if,  based  on  the  expected  nature  and  rates  of 
fault  movement  or  other  ground  motion,  it  is  likely  that  engineering  measures 
that  are  beyond  reasonably  available  technology  will  be  required  for 
exploratory  shaft  construction  or  for  repository  construction,  operation,  or 
closure. 

The  information  identified  in  Table  8.3.5.7-7  will  also  support  the 
required  higher-level  finding  for  this  disqualifying  condition  of  the 
technical  guideline  on  tectonics. 
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Table  8.3.5.7-7. 


Tectonics  information  considered  in  making  the 
higher-level  finding  for  the  qualifying  condition 
of  the  tectonics  guideline,  and  issues  for  which  the 
information  will  be  obtained 


Information 


No  site  tectonic  information  is  requested  directly  by  this  issue 
No  site  tectonic  information  is  requested  directly  by  this  issue 

Surface 

Identification  and  characterization  of  late  Quaternary  faults 
in  the  repository  block.   If  determined  to  exist, 
establish  location,  orientation,  and  probability  of 
exceeding  7  cm  displacement  in  areas  of  waste  emplacement 

Design  basis  ground  motion  time  histories  and  corresponding 
response  spectra  at  underground  facility  locations 

Combined  potential  for  vibratory  ground  motion  at  under- 
ground facility  locations 

Probability  of  volcanic  eruption  through  area  of  waste 
emplacement 

Stratigraphic  contacts  for  top  and  bottom  of  the  TSw2 
formation  within  candidate  areas  for  repository 

Identification  of  any  fault  within  100  m  of  facilities 
important  to  safety  (FITS)  with  greater  than  1  chance  in 
100  of  producing  more  than  5  cm  of  surface  displacement  in 
100  years.   If  determined  to  exist,  establish  location  at 
surface,  orientation  at  surface,  and  probability  of 
exceeding  5  cm  displacement  under  FITS 

Design  basis  ground  motion  time  histories  and  corresponding 
response  spectra 

Potential  for  exceeding  design  basis  ground  motion  at  FITS 

Probability  vs.  peak  ground  acceleration,  peak  ground 
velocity,  and  peak  velocity  response  at  selected 
frequencies  at  surface  fits  locations 

Probability  of  volcanic  eruption  that  would  disrupt  surface 
facilities 

Design  basis  ash  fall  thickness 

Soil-structure  interaction  considering  displacements  and 
degree  of  yielding  in  soil  beneath  the  base  of  the  building 

Soil-structure  interaction  considering  displacements  and 
degree  of  yielding  in  soil  adjacent  to  retaining  walls 

Rock-structure  interaction  considering  displacements  and 
degree  of  yielding  in  rock  beneath  the  base  of  the  building 

Rock-structural  interaction  considering  displacements  and 
degree  of  yielding  in  rock  adjacent  to  retaining  walls 
Subsurface 

Fault  properties 
Location 


3.5.7-15 


DECEMBER  1988 

Table  8.3.5.7-7. 


Tectonics  information  considered  in  making  the 
higher-level  finding  for  the  gualifying  condition 
of  the  tectonics  guideline,  and  issues  for  which  the 
information  will  be  obtained  (continued) 


Issue 


Information 


4.4  (continued) 


Subsurface,  fault  properties  (continued) 
Orientation 

Physical,  thermal,  and  mechanical  properties  of  major 
faults 


3.5.7-16 


WV-0199 


DOE/RW-0199 


Nuclear  Waste  Policy  Act 

(Section  113) 


Site  Characterization 
Plan 


Yucca  Mountain  Site,  Nevada  Research 
and  Development  Area,  Nevada 


Volume  VII,  Part  B 


Chapter  8,  Section  8.33.8,  Strategy  for  Postclosure  Performance  Assessment 


December  1988 


U.  S.  Department  of  Energy 

Office  of  Civilian  Radioactive  Waste  Management 


DECEMBER  1988 

8.3.5.8  Strategy  for  postclosure  performance  assessment 

As  explained  in  the  introduction  to  Section  8.3.5,  assessments  of  the 
performance  of  a  repository  at  Yucca  Mountain  are  required  for  resolving  the 
performance  issues  in  the  issues  hierarchy;  a  major  part  of  the  performance- 
assessment  program  will  examine  the  postclosure  behavior  of  the  repository. 
The  detailed  plans  for  the  assessment  of  postclosure  behavior  are  described 
as  part  of  the  issue-resolution  strategies  in  Sections  8.3.5.9  through 
8.3.5.18.  The  principal  presentations  of  these  plans  are  in  Sections  8.3.5.9 
and  8.3.5.10  for  assessments  of  the  waste  package  and  in  Sections  8.3.5.12 
and  8.3.5.13  for  assessments  of  the  site.   In  addition,  waste-package 
performance  assessment  is  reviewed  in  Section  7.4.5. 

This  section  describes  strategic  aspects  of  the  performance-assessment 
program  that  are  common  to  all  those  detailed  plans  for  assessing  postclosure 
performance.   The  first  part  of  this  section,  a  brief  overview  of  the 
performance-assessment  strategy,  begins  by  explaining  the  relationships  among 
the  performance  issues.   The  overview  then  describes  the  major  steps  in  the 
iterative  process  by  which  final  performance  is  assessed  and  performance 
issues  resolved.  At  several  points  in  the  iterative  process,  the  DOE  must 
decide  whether  the  available  data  are  sufficient  for  carrying  out  the 
assessments;  the  overview  emphasizes  these  steps  because  many  of  the  needed 
data  will  be  supplied  by  the  site  characterization  program.   The  second  part 
of  this  section  reviews  the  conceptual  models  of  a  Yucca  Mountain  repository 
that  have  been  used  in  the  preliminary  work  underlying  the  detailed 
performance-assessment  plans. 

Overview  of  strategy 

The  primary  objective  of  the  Yucca  Mountain  Project  postclosure  per- 
formance assessment  program  is  to  resolve  Key  Issue  1  in  the  issues  hier- 
archy, which  is 

Will  the  mined  geologic  disposal  system  at  Yucca  Mountain  isolate  the 
radioactive  waste  from  the  accessible  environment  after  closure  in 
accordance  with  the  requirements  set  forth  in  40  CFR  Part  191,  10  CFR 
Part  60,  and  10  CFR  Part  960? 

The  performance  issues  under  Key  Issue  1  parallel  the  regulatory 
criteria  in  10  CFR  Part  60  and  10  CFR  Part  960.   Each  issue  either  asks 
whether  specific  performance  objectives  can  be  met  or  asks  for  analyses  and 
qualitative  judgments  of  the  expected  future  conditions  at  Yucca  Mountain 
after  the  repository  at  the  site  has  been  closed  and  decommissioned.  These 
performance  issues  are  the  following: 

Issue  Issue  statement  SCP  section 


1.1     Will  the  mined  geologic  disposal  system  meet  the  8.3.5.13 

system  performance  objective  for  limiting  radio- 
nuclide releases  to  the  accessible  environment 
as  required  by  10  CFR  60.112  and  40  CFR  191.13? 
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Issue  Issue  statement  SCP  section 


1.2  Will  the  mined  geologic  disposal  system  meet  the       8.3.5.14 

reguirements  for  limiting  individual  doses  in  the 
accessible  environment  as  reguired  by  40  CFR  191.15? 

1.3  Will  the  mined  geologic  disposal  system  meet  the       8.3.5.15 

reguirements  for  the  protection  of  special  sources 
of  ground  water  as  reguired  by  40  CFR  191.16? 

1.4  Will  the  waste  package  meet  the  performance  objec-      8.3.5.9 

tive  for  containment  as  reguired  by  10  CFR  60.113? 

1.5  Will  the  waste  package  and  repository  engineered  bar-   8.3.5.10 

rier  systems  meet  the  performance  objective  for  radio- 
nuclide release  rates  as  reguired  by  10  CFR  60.113? 

1.6  Will  the  site  meet  the  performance  objective  for  pre-   8.3.5.12 

waste  emplacement  ground-water  travel  time  as  reguired 
by  10  CFR  60.113? 

1.7  Will  the  performance-confirmation  program  meet  the      8.3.5.16 

reguirements  of  10  CFR  60.137? 

1.8  Can  the  demonstrations  for  favorable  and  potentially    8.3.5.17 

adverse  conditions  be  made  as  reguired  by  10  CFR  60.122? 

1.9  (a)  Can  the  higher-level  findings  reguired  by  10  CFR    8.3.5.18 

Part  960  be  made  for  the  gualifying  condition  of  the 
postclosure  system  guideline  and  the  disgualifying  and 
gualifying  conditions  on  the  technical  guidelines  for 
geohydrology,  geochemistry,  rock  characteristics,  cli- 
mate changes,  erosion,  dissolution,  tectonics,  and  human 
interference;  and  (b)  can  the  comparative  evaluations 
reguired  by  10  CFR  960.3-1-5  be  made? 

The  flow  of  information  among  Issues  1.1  through  1.6  is  depicted  sche- 
matically in  Figure  8.3.5.8-1,  which  also  shows,  in  simplified  form,  the 
exchange  of  information  with  the  group  of  three  design  issues  under  Key 
Issue  1.  Even  though  the  diagram  indicates  only  one-way  flow,  some  infor- 
mation flows  backwards  along  the  lines  shown  in  the  figure.   This  backward 
flow  conveys  the  results  of  sensitivity  analyses,  which  are  carried  out  in 
each  issue  as  part  of  its  treatment  of  uncertainty.   These  sensitivity 
analyses  reveal  whether  the  information  supplied  to  an  issue  is  sufficient 
for  its  needs,  and  their  results  may,  therefore,  be  conveyed  from  an  issue 
back  to  the  issue  that  supplied  the  information. 

The  connections  among  issues  shown  in  Figure  8.3.5.8-1  achieve  an 
important  synergism.  A  single  series  of  analyses  may  often  answer  guestions 
that  arise  in  solving  more  than  one  issue.   Because  of  these  close  connec- 
tions, the  results  of  analyses  performed  in  one  issue  are  available  to  guide 
the  work  in  other  issues. 
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The  figure  also  shows  an  information  flow  path  between  the  collective 
results  of  Issues  1.1  through  1.6  and  Issues  1.8  and  1.9.   This  path  is 
present  because  the  insight  and  tools  developed  as  a  result  of  providing 
guantitative  answers  to  Issues  1.1  through  1.6  will  contribute  to  the 
evaluation  of  whether  the  waste-disposal  system  can  meet  the  regulatory 
criteria  addressed  in  Issues  1.8  and  1.9.   Further  discussion  of  this  link 
appears  in  Sections  8.3.5.17  and  8.3.5.18. 

The  figure  does  not  show  Issue  1.7,  which  addresses  the  need  to 
establish  a  performance  confirmation  program.   The  need  for  a  performance 
confirmation  will  be  identified  from  the  performance  assessment  that  will  be 
conducted  during  site  characterization.   The  approach  to  deciding  what 
aspects  of  the  program  need  to  be  confirmed  after  license  application  is 
discussed  in  Section  8.3.5.16. 

Under  each  of  the  Yucca  Mountain  Project  issues  is  a  set  of  information 
needs.   The  information  needs  under  each  postclosure  performance  issue 
(presented  in  detail  in  Sections  8.3.5.9  through  8.3.5.18)  are  structured  to 
reflect  the  iterative  application  of  the  general  issue-resolution  strategy 
described  in  Section  8.1.2.   The  next  few  paragraphs  explain  the  structure 
and  the  iterations,  shown  schematically  in  Figure  8.3.5.8-2. 

The  figure  presents  five  major  steps  in  assessing  postclosure  perform- 
ance.  In  actual  practice,  of  course,  many  of  the  steps  take  place  simultane- 
ously and  not  necessarily  in  the  strict  order  implied  by  arrows  in  the  fig- 
ure.  For  example,  preliminary  calculations  are  performed  while  models  are 
being  developed  and  tested  and  before  scenarios  have  been  completely  identi- 
fied. As  the  arrows  on  the  right-hand  side  of  the  figure  suggest,  progress 
made  in  one  step  may  indicate  a  need  for  further  development  in  a  step  that 
is  higher  in  the  figure.   For  example,  an  attempt,  in  the  fourth  step,  to 
calculate  values  for  performance  measures  may  point  out  a  deficiency  in  a 
conceptual  model  developed  in  the  third  step;  further  work  in  model  develop- 
ment would  then  be  called  for.   Iterations  also  occur  as  data  become  availa- 
ble, and  the  following  discussion  describes  three  points  at  which  the  suffi- 
ciency of  the  available  data  can  logically  be  judged  in  terms  of  the  needs  of 
performance  assessment  for  doing  the  next  step. 

The  first  step  in  this  process  is  the  compilation  of  the  relevant  exis- 
ting site  and  design  information.   The  first  information  need  under  each 
issue  is,  therefore,  a  summary  of  the  parameters  for  which  data  are  needed. 
The  information  currently  available  is  described  in  Chapters  1  through  7,  but 
eventually,  this  information,  augmented  by  the  results  of  the  data-gathering 
programs  described  in  this  site  characterization  plan,  will  be  provided  pri- 
marily through  the  reference  information  base  (RIB)  .   The  RIB  will  be  a  com- 
pilation of  the  current  best  information  to  be  used  in  design  and  performance 
analyses.  This  common  source  of  information  will  help  to  ensure  uniformity 
among  the  analyses  carried  out  in  separate  issues. 

The  available  information  is  used  in  the  next  step  to  develop  conceptual 
models  and  scenarios  including  the  sets  of  hypothetical  events  and  processes 
that  must  be  examined  to  resolve  the  issue  and  to  develop  boundary  conditions 
for  calculations.  After  the  existing  data  have  been  compiled,  the  guestion 
is  asked:   "Are  the  data  sufficient  to  continue  with  the  next  step?" 
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Figure   8.3.5.8-2.       Steps  in   performance  assessment  for  post-closure  performance  issues 
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In  the  early  iterations  through  the  process,  the  data  may  be  sufficient  if 
there  is  at  least  a  bounding  value  to  use  for  every  parameter  that  must  be 
input  for  the  analysis  and  for  the  selection  of  scenarios.   In  later  iter- 
ations, the  answer  depends  on  whether  the  data  provide  usefully  realistic 
values  for  those  parameters.   If  the  data  are  judged  not  sufficient,  the 
performance  assessors  must  call  for  additional  data,  as  Figure  8.3.5.8-2 
shows. 

The  third  step  shown  in  the  figure  includes  the  validation  that  must  be 
attempted  for  the  calculational  models  used  to  predict  the  values  of  the 
performance  measures;  this  validation  provides  reasonable  assurance  in  the 
predicted  values  of  the  performance  measures.   In  addition,  further  model 
development  may  be  necessary  to  modify  or  expand  the  existing  conceptual 
models  of  the  system  or  subsystem  behavior.   This  development  consists  of 
describing  the  conceptual  models  in  terms  of  mathematical  eguations  and  of 
constructing  algorithms  to  solve  the  equations.   The  calculational-model 
development  often  must  proceed  in  parallel  with  the  scenario  development, 
because  details  of  a  calculational  model  may  depend  on  the  particular 
scenario  to  be  analyzed.   Plans  for  validation  of  conceptual  models  of  site 
characteristics  are  described  in  Section  8.3.1.   Plans  for  validation  of 
analytic  techniques  to  be  used  in  the  performance  assessments  are  summarized 
in  Section  8.3.5.20. 

Again  the  question  is  asked:   "Are  the  data  sufficient?"  At  this  point, 
the  data  requirements  are  more  stringent  because  the  fourth  step  requires 
predictions  for  comparison  with  numerical  criteria.   The  data  must  be  certain 
enough  to  allow  the  assessors  to  draw  conclusions  about  the  events  and 
processes  being  examined. 

When  sufficient  confidence  in  the  models  has  been  attained,  values  for 
the  performance  measures  are  calculated  to  assess  whether  the  performance 
goals  are  met  with  the  desired  confidence.   (Explanations  of  these  terms  and 
of  their  role  in  issue  resolution  are  in  Section  8.1.2.)   The  uncertainty  in 
the  predictions  is  assessed,  and  the  question  is  asked  again:   "Are  the  data 
sufficient?"  The  requirements  for  sufficiency  are  most  stringent  at  this 
point.  The  data  must  allow  the  heterogeneity  of  the  system  to  be  realistic- 
ally assessed  and  the  effect  of  future  conditions  on  the  models  and  the 
material  properties  to  be  satisfactorily  accounted  for.  As  part  of  this 
process,  the  sensitivity  of  the  performance  measure  to  various  parameters  and 
conditions  must  also  be  assessed.   In  some  scenarios,  the  uncertainty  in  a 
parameter  may  be  shown  insignificant  because  the  behavior  of  the  system  under 
assessment  is  insensitive  to  the  parameter;  the  requirements  on  data  for  such 
a  parameter  would  accordingly  be  less  stringent. 

The  process  shown  in  Figure  8.3.5.8-2  requires  numerous  applications  of 
judgment.   Each  decision  on  whether  data  are  sufficient  requires  such  judg- 
ment. The  need  for  iterations  and  further  developments  will  be  decided 
through  judgments  of  whether  the  work  has  provided  a  basis  on  which  the  NRC 
may  find  the  "reasonable  assurance"  called  for  by  10  CFR  Part  60.   These  de- 
cisions may  involve  the  routine  use  of  expert  judgment,  the  formal  use  of 
expert  judgment,  or  the  use  of  peer  review  as  defined  in  Altman  et  al. 
(1988) .   The  DOE  will  subject  the  licensing  assessment  work  to  rigorous  peer 
review,  using  experts  from  its  repository  programs  as  well  as  from  the  out- 
side technical  community.   Review  by  the  NRC  will  also  take  place  continually 
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throughout  site  characterization  and  the  development  of  a  repository.   The 
final  licensing  decisions  by  the  NRC  are  based  on  their  review.   The  pro- 
cesses of  consultation  with  affected  states  and  Indian  tribes  will  also  fur- 
nish technical  review  of  these  decisions.   The  use  of  subjective  methods 
involving  judgment  through  peer  review  is  an  important  process  in  all  the 
activities  shown  in  Figure  8.3.5.8-2.   The  general  role  of  subjective  methods 
(i.e.,  use  of  expert  judgment)  in  site  characterization  is  discussed  in  Sec- 
tion 8.1. 

The  specific  work  for  resolving  each  performance  issue  is  explained  in 
the  individual  information  need  discussions  in  Sections  8.3.5.9  through 
8.3.5.18.  They  summarize  the  site  and  design  data  that  are  needed,  the 
scenarios  and  models  that  will  be  used,  the  predictive  analyses  that  will  be 
performed,  the  performance  measures,  goals,  and  confidences  that  have  been 
allocated,  and  the  guantitative  analyses  and  gualitative  judgments  that  will 
be  used  to  establish  the  degree  of  certainty  in  the  results. 

Summary  of  conceptual  models  that  have  been  used  for  performance  assessment 

The  current  strategy  for  postclosure  performance  assessment  and  the 
identification  of  information  needs  are  partially  determined  by  the  current 
conceptual  models  of  the  repository  system  and  the  evaluations  to  date  of  how 
this  system  is  predicted  to  behave  with  respect  to  the  performance  objectives 
in  10  CFR  Part  60.   The  bulk  of  the  work  in  developing  the  preliminary  con- 
ceptual models  and  the  evaluation  of  the  system  based  upon  these  models  has 
been  done  for  the  Yucca  Mountain  environmental  assessment  (DOE,  1986b) ;  for 
example,  Oversby  and  McCright  (1984),  Montazer  and  Wilson  (1984),  Sinnock 
et  al.  (1984a),  and  Klavetter  and  Peters  (1986). 

The  conceptual  models  that  were  developed  in  the  preliminary  work  are 
summarized  in  the  following  paragraphs.   These  preliminary  conceptual  models 
contain  assumptions  that  simplify  the  conceptual  models  described  in  Chapters 
1  through  7,  and  the  following  description  gives  the  simplifying  assumptions 
and  boundary  conditions  that  have  been  used  to  date  in  performance  assess- 
ments. Details  of  scenarios  based  upon  these  conceptual  models  that  will 
ultimately  be  considered  are  being  developed.   Plans  to  further  develop  these 
scenarios  are  described  under  Issue  1.1  (Section  8.3.5.13). 

The  most  important  concept  used  in  the  performance-assessment  models 
summarized  here  concerns  the  existing  hydrogeologic  conditions  (i.e.,  flow 
paths  and  water  fluxes) .   In  addition,  the  models  must  account  for  the  bounds 
on  the  natural  geochemical  and  future  hydrologic  conditions,  the  possible 
repository-induced  effects  on  existing  hydrogeologic  and  geochemical 
conditions,  and  future  tectonic  and  climatic  conditions. 

The  most  probable  water  flow  path  from  the  repository  to  the  accessible 
environment  is  currently  thought  to  be  vertically  downward  through  the 
unsaturated  Topopah  Spring,  Calico  Hills,  and  Crater  Flat  units  to  the  water 
table,  and  then  horizontal  below  the  water  table.   Because  of  capillarity  in 
unsaturated  rocks  and  the  low  percolation  rates  in  the  unsaturated  units,  the 
steady-state  water  flow  between  the  repository  location  and  the  water  table 
occurs  in  the  rock  matrix  (for  instance,  Montazer  and  Wilson,  1984;  Klavetter 
and  Peters,  1986).  As  discussed  in  Section  3.9.1,  however,  water  flow  in 
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some  of  the  fractures  in  the  Tiva  Canyon,  the  Topopah  Spring,  and  the  zeoli- 
tized  Calico  Hills  units  may  also  occur  and  could  affect  radionuclide  release 
and  transport.   Furthermore,  water  could  flow  laterally  at  some  interfaces 
between  rock  units.   The  hypothesis  that  water  movement  in  the  Topopah  Spring 
welded  unit  is  dominated  by  evaporative  vapor  flux  upward  (Montazer  and 
Wilson,  1984)  is  not  currently  used.   This  concept,  if  shown  to  be  probable, 
would  predict  smaller  releases  of  radioactivity  than  current  models  predict, 
because  very  little  waste  could  ever  be  dissolved  or  transported  in  this 
concept.   The  preliminary  performance-assessment  models  have  assumed  that  all 
release  of  waste  from  the  repository  would  be  by  dissolution  in  the  ground 
water  that  flows  through  the  Topopah  Spring  densely  welded  unit.   The 
transport  of  the  dissolved  radionuclides,  according  to  these  models,  would 
occur  through  the  unsaturated  zone  and  the  saturated  zone  to  the  accessible 
environment.   Current  models  also  consider  transport  of  gaseous  radionuclides 
both  by  ground  water  and  vertically  upward  through  the  unsaturated  rock  to 
the  surface. 

The  amount  and  chemistry  of  water  that  contacts  the  waste  will  limit 
radionuclide  releases.   This  contact  water  is  limited  by  the  flux  that 
percolates  through  the  Topopah  Spring  densely  welded  unit  and  by  the  geometry 
of  the  emplaced  waste  packages.   The  amount  of  contact  water  and  time  of 
contact  may  be  reduced  because  of  dry-out  and  changes  in  fracture  apertures 
in  the  vicinity  of  the  waste  package.  Water  chemistry  may  also  be  influenced 
by  thermally  affected  rock-water  interactions.   These  thermal,  mechanical, 
and  chemical  effects  will  be  included  in  the  analyses  of  the  performance  of 
the  waste  package  and  the  engineered-barrier  system. 

With  a  few  exceptions,  it  is  thought  that  the  release  of  radionuclides 
from  spent  fuel  and  glass  waste  form  will  be  controlled  by  secondary  phases 
bearing  radionuclides  and  by  the  waste-form  degradation.   Some  radionuclides, 
such  as  cesium-137,  may  never  reach  saturation  and  will  be  controlled  by 
waste-form  degradation  and  water  flow.   Some  exceptions  to  these  assumptions 
are  the  carbon-14  released  from  metal  components  and  the  mobile  cesium, 
technetium,  and  iodine-129  that  collect  in  gaps  within  the  fuel  and  between 
the  fuel  pellets  and  the  fuel  cladding  in  spent-fuel  rods. 

The  geochemical  conditions  that  affect  release  rates  are  included  in  the 
analyses  of  the  engineered-barrier  system.   Current  waste-package-release 
models  assume  that  the  release  from  the  waste  package  is  controlled  by  water 
influx  and  waste-form  release.  Near  the  boundary  of  the  engineered-barrier 
system  current  transport  models  assume  that  transport  is  driven  by  the  water 
flowing  near  the  package  and  by  processes  such  as  diffusion,  dry-out,  and 
resaturation  in  the  near  field. 

The  cumulative  release  of  radionuclides  is  calculated  at  the  accessible 
environment.   Currently,  the  condition  considered  most  probable,  on  the  basis 
of  data  presented  in  Chapter  3,  is  that  the  percolation  flux  through  any  of 
the  unsaturated  units  is  less  than  the  saturated  conductivity  of  the  rock 
matrix,  resulting  in  one-dimensional  water  flow  and  radionuclide  transport 
through  the  matrix.   The  effects  of  alternative  conditions  are  as  follows: 
for  percolation  fluxes  higher  than  the  saturated  conductivity  of  the  rock 
matrix,  it  is  believed  that  flow  would  occur  in  the  fracture  system.   The 
resulting  paths  and  speeds  of  radionuclide  transport  might  then  be  controlled 
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by  diffusion  of  the  radionuclides  from  the  water  in  the  fractures  into  the 
water  in  the  matrix. 

For  intermediate  fluxes,  close  to  but  not  exceeding  the  saturated 
conductivity  of  the  matrix,  transport  by  diffusion  would  probably  be  on  the 
same  order  as  advective  transport  by  convection  of  the  water  in  the  matrix. 
It  is  not  clear  whether  mechanical  dispersion,  which  is  related  to  water 
velocity,  would  be  a  significant  contributor  to  transport  of  radionuclides. 
For  fluxes  greater  than  the  saturated  conductivity  of  the  matrix,  mechanical 
dispersion  in  the  fractures  could  contribute  to  radionuclide  transport 
because  of  the  higher  velocities  that  may  occur;  however,  the  duration  of  the 
flow  would  probably  be  very  short,  so  that  dispersion  in  the  fractures  might 
not  be  an  active  mechanism  for  any  significant  length  of  time.   The  relative 
contributions  of  diffusion  and  dispersion  to  the  transport  of  radionuclides 
in  both  the  saturated  and  unsaturated  zones  will  be  studied  in  activities 
described  in  Section  8.3.1.2  (geohydrology  program)  and  8.3.1.3  (geochemistry 
program) .  The  radionuclides  are  assumed  to  be  retarded  by  the  combined 
effects  of  sorption,  diffusion  from  fractures  into  the  matrix,  mineral  pre- 
cipitation, and  ion  exchange.   These  effects,  modeled  by  a  bulk  retardation 
factor  and  a  concentration  limit,  are  assumed  to  be  operative  in  both  the 
Topopah  Spring  welded  unit  and  the  Calico  Hills  nonwelded  unit. 

The  conceptual  models  just  described  formed  most  of  the  bases  for  the 
performance  allocation  that  has  been  done  for  postclosure  performance  Issues 
1.1  through  1.9  and  is  described  in  the  subsequent  sections  of  this  document. 
As  explained  in  Section  8.1.2,  performance  allocation  establishes  a  basis  for 
planning  site  characterization  work.   It  requires  that  the  planners  set 
specially  defined  "performance  measures,"  "goals,"  and  "indications  of 
desired  confidence."  The  "goals"  are  not  criteria  that  the  site  must  meet; 
they  simply  serve  as  guidance  for  a  detailed  derivation  of  the  site  charac- 
terization data  needed  for  use  in  licensing  a  repository.  As  new  data  and  a 
fuller  understanding  of  the  site  are  acquired,  a  new  planning  basis  may  well 
become  appropriate,  and  some  of  the  performance  allocation  will  be  revised. 

One  reason  for  reallocating  performance  could  arise  from  the  evaluation 
of  the  conceptual  models  used  in  the  original  allocation.  An  objective  of 
the  site  characterization  program  will  be  the  validation  of  these  models. 
If,  during  site  characterization,  the  experimental  results  indicate  that  the 
conceptual  models  that  have  been  used  are  not  valid,  the  allocation  of  goals 
and  confidences  to  certain  performance  measures  will  be  reconsidered.   In 
addition,  the  performance  measures  themselves  may  have  to  be  changed. 

A  second  reason  for  reallocating  performance  measures,  goals,  and  con- 
fidences will  arise  if  new  data  show  that  (1)  the  ranges  of  values  for  the 
physical  parameters  are  different  from  the  ranges  that  have  been  assumed  to 
date  and  (2)  the  measured  ranges  do  not  allow  the  performance  goals  to  be  met 
with  the  desired  confidences. 

Since  considerable  conservatism  has  been  used  in  the  performance  allo- 
cation, future  reassignments  of  goals  and  desired  confidences,  if  any,  are 
not  expected  to  drastically  change  the  kinds  of  data  to  be  sought  in  site 
characterization.  As  the  design  and  site  characterization  processes 
continue,  it  could,  however,  become  necessary  to  call  for  additional  tests  to 
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broaden  the  data  base  and  ensure  that  predictions  of  values  for  performance 
measures  are  based  on  values  characteristic  of  the  entire  site. 
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1.3.5.9  Issue  resolution  strategy  for  Issue  1.4:  Will  the  waste  package 
meet  the  performance  objective  for  containment  as  reguired  by 
10  CFR  60.113? 

tegulatory  basis  for  the  issue 

The  NRC  regulations  set  a  performance  objective  for  the  waste  packages 
.o  provide  containment  of  the  high-level  waste  (HLW)  during  the  period  after 
:losure  of  the  repository  when  the  temperatures  and  radiation  levels  are 
Lighest.   The  performance  objective  for  containment  (10  CFR  60.113 
;a)  (1)  (ii))  is 

the  engineered  barrier  system  shall  be  designed,  assuming 
anticipated  processes  and  events,  so  that:  (A)  Containment  of  HLW 
within  the  waste  packages  will  be  substantially  complete  for  a 
period  to  be  determined  by  the  Commission  taking  into  account 
factors  specified  in  60.113(b)  provided  that  such  period  shall  not 
be  less  than  300  years  nor  more  than  1,000  years  after  permanent 
closure  of  the  geologic  repository 

For  the  purposes  of  this  discussion,  the  waste  package  is  defined  as  in 
.0  CFR  60.2  as 

the  waste  form  and  any  containers,  shielding,  packing  and  other 
absorbent  materials  immediately  surrounding  an  individual  waste 
container. 

Graphic  representations  of  the  spent  fuel  and  high  level  waste  glass 
:ontainers  are  given  in  Figure  8.3.5.9-1.   The  design  configurations  for  both 
vertical  and  horizontal  emplacement  are  shown  in  Figure  8.3.5.9-2. 

technical  interpretation 

The  DOE  understands  substantially  complete  containment  to  mean  that  the 
set  of  waste  packages  will  fully  contain  the  total  radionuclide  inventory  for 
i   period  of  300  to  1,000  years  following  permanent  repository  closure,  allow- 
ing for  recognized  technological  limitations.   Implementation  of  this  under- 
standing will  be  based  solely  on  reliance  on  the  waste  package  as  the  major 
:omponent  of  the  engineered  barrier  system.   The  container  is  the  primary 
carrier  of  the  multiple  barrier  system  for  the  purpose  of  containment  of 
radionuclides.  The  waste  package  will  be  designed  to  be  resistant  to  the 
iegrading  effects  of  the  repository  environment  under  anticipated  processes 
ind  events.  Containment  will  be  based  on  the  ability  of  the  waste  package, 
)y  virtue  of  its  intrinsic  properties  and  design,  to  maintain  a  continuous, 
sealed  barrier  around  the  waste. 

The  DOE  intends  to  design  the  waste  packages  to  provide  total  contain- 
ment of  radionuclides  for  a  period  of  300  to  1,000  yr  after  permanent  closure 
>f  the  repository.   In  a  practical  sense,  however,  considering  the  large 
lumber  of  waste  packages,  the  large  area  of  the  repository  horizon,  and  the 
ong  time  period  involved,  it  is  not  possible  to  precisely  predict  or 
'.emonstrate  the  endurance  of  an  individual  waste  package.   It  is  also  reason- 
ble  to  expect  that  some  small  number  of  packages  will  prematurely  lose  con- 
'ainment.  The  DOE  will  develop  and  conduct  a  test  program  to  collect  the 
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necessary  information  that  will  enable  the  designers  to  select  materials  and 
design  the  waste  packages  in  a  manner  that  will  reduce  the  incidence  of 
failure  during  the  containment  period  to  a  reasonable  minimum. 

The  DOE  expects  that  the  performance  of  the  waste  package  during  the 
containment  period  will  be  best  achieved  by  minimizing  the  residual  uncer- 
tainties.  The  residual  uncertainties  in  predicting  performance  are  due  to 
several  factors:   (1)  the  inherent  limitations  associated  with  manufacturing, 
handling,  and  emplacement  operations,  (2)  the  uncertainty  in  developing  a 
complete  understanding  of  the  behavior  of  waste  package  materials,  and 
(3)  the  uncertainty  in  predicting  the  future  environment  of  each  waste 
package.   These  factors  are  recognized  in  the  NRC  Staff  Analysis  of  Public 
Comments  on  Proposed  Rule  10  CFR  Part  60  (NUREG-0804) ,  where  it  is  stated 
that 

the  staff  does  not  intend  that  the  containment  time  reguirement  be 
achieved  absolutely  for  all  of  the  waste  (i.e.,  absolute  proof  of 
zero  release  for  1,000  years  is  not  reguired) .   It  is  expected  that 
containment  of  the  waste  will  be  substantially  complete,  with  re- 
lease during  the  containment  time  limited  to  a  small  fraction  of 
the  inventory  present.   It  is  intended  that  the  waste  package 
design  have  a  high  reliability,  taking  into  account  anticipated 
processes  and  events  that  would  affect  package  performance.   It  is 
realized  that  a  small  fraction  of  the  approximately  100,000 
packages  will  be  breached  before  1,000  years  due  to  variations  in 
materials  manufacturing  processes,  etc.,  that  can  only  be  estimated 
using  statistical  procedures.   Similarly,  a  significant  fraction  of 
the  packages  may  remain  intact  for  much  longer  than  1,000  years. 

More  specifically,  these  uncertainties  can  be  divided  into  preclosure  and 
postclosure  considerations.  During  the  preclosure  repository  operation,  the 
DOE  will  manufacture  waste  packages  in  accordance  with  detailed  design  speci- 
fications. Waste  packages  will  be  loaded,  sealed,  inspected,  and  moved 
through  the  repository  surface  and  subsurface  facilities,  and  be  emplaced 
into  boreholes  for  final  disposition,  using  detailed  operating  procedures. 
The  DOE  will  have  in  place  a  guality  assurance  program,  including  guality 
control  (QC)  procedures,  that  will  ensure  that  emplaced  waste  packages  meet 
detailed  material,  fabrication,  closure,  surface  finish,  and  handling  speci- 
fications. Even  with  a  fully  qualified  QC  program,  however,  it  cannot  be 
ensured  with  absolute  certainty  that  packages  with  undetected  flaws  will  not 
be  emplaced.  Throughout  the  preclosure  period,  appropriate  monitoring  will 
be  conducted  as  part  of  the  performance  confirmation  program  to  ensure  that 
the  waste  packages  "are  functioning  as  intended  and  anticipated." 

During  the  postclosure  period,  the  performance  of  any  waste  package 
cannot  be  accurately  predicted  over  the  long  time  period  of  the  performance 
objective  because  of  (1)  the  problems  associated  with  demonstrating  the 
mechanisms  of  all  possible  material  degradation  modes  under  the  range  of 
future  environmental  conditions  and  (2)  the  difficulties  in  extrapolating 
short-term  experimental  data  to  predict  long-term  performance.   Therefore,  it 
is  the  goal  of  the  waste  package  program  to  provide  for  complete  containment, 
allowing  for  only  residual  uncertainties.   The  DOE  will  minimize  the  uncer- 
tainties associated  with  the  technical  limitations  for  the  postclosure  period 
through  a  defense-in-depth  concept.  This  concept  introduces  conservatism  in 
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demonstrating  waste  package  performance  through  bounding  assumptions,  using 
multiple  barriers  to  limit  container  degradation  and  waste  form  releases,  and 
evaluating  alternative  materials  and  designs. 

Design  objective 

The  DOE  will  design  the  waste  packages  to  provide  total  containment  of 
the  enclosed  waste  for  the  containment  period  under  the  full  range  of  antici- 
pated repository  conditions.   In  addition,  the  DOE  will  use  design  features 
of  the  waste  package  to  ensure,  for  any  waste  packages  that  prematurely  fail, 
that  (1)  a  large  fraction  of  the  radioactivity  will  be  contained  within  the 
set  of  waste  packages  for  the  duration  of  the  containment  period  and  (2)  any 
radioactivity  released  from  the  ensemble  of  waste  packages  will  be  released 
at  a  very  low  rate,  relative  to  the  total  inventory.   The  waste  packages, 
:herefore,  will  be  designed  to  provide  a  reasonable  expectation  that,  should 
any  individual  waste  package  fail  at  any  time  following  permanent  closure, 
releases  of  radioactivity  from  the  engineered  barrier  system  will  occur  at 
7ery   low  rates. 

The  DOE  has  developed  a  performance  allocation  process  that  is  the  basis 
:or  the  testing  program.   The  process  is  designed  to  reduce  uncertainties  in 
lemonstrating  waste  package  containment  through  a  comprehensive  in  situ  and 
.aboratory  testing  program.   The  performance  allocation  process  identifies 
.he  system  elements  that  contribute  to  the  demonstration  of  substantially 
:omplete  containment  and  that  provide  assurance  that  releases  of  HLW  occur  at 
"ery  low  rates.   These  elements  include  the  engineered  environment,  the  waste 

ontainers,  and  the  waste  forms.   The  performance  allocation  process  also 
establishes  the  sensitivity  allowed  in  testing  parameters  and  explains  the 
reeded  evaluations  and  assessments  to  show  that  uncertainties  are  minimized. 
I  inally,  the  process  considers  possible  material  or  design  alternatives  that 
l.ay  be  used  to  supplement  or  replace  the  reference  design.   These  alter- 
\\  atives  include  selection  of  various  container  materials  and  the  use  of 
I lternative  designs  such  as  inner  liners  to  contain  significant  radioactive 
cases  and  diffusion  barriers  to  limit  the  inflow  of  water  and  the  egress  of 
|  adionuclides.   For  the  purposes  of  the  test  program,  however,  the  duration 
cf  the  containment  period,  the  fraction  of  the  radioactivity  that  can  be 
letained  within  the  set  of  waste  packages,  the  number  of  waste  packages  that 
can  be  reasonably  expected  to  provide  total  containment,  and  the  rate  of 
release  from  any  failed  waste  packages  during  this  period  cannot  be 
Reasonably  determined  until  the  site  is  sufficiently  characterized  and 
additional  information  is  available  regarding  the  performance  of  waste 
packages  subject  to  the  conditions  of  the  site. 

lasting  program 

In  recognition  of  the  limitations  and  uncertainties  that  prevent 
!a:hieving  complete  containment,  design  and  materials  testing  activities  have 
osen  developed  to  quantify  the  expected  performance  of  the  waste  packages. 
fci  order  to  build  a  comprehensive  testing  program,  the  DOE  has  developed 
,q  lantitative  estimates  of  system  performance  as  a  first  step  in  the  testing, 
design,  and  performance  assessment  process.   It  is  important  to  note  that 
lese  estimates  are  tentative.   Their  sole  purpose  is  to  allocate  importance 
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to  each  of  the  system  elements  and  thus  enable  the  DOE  to  develop  an  accept- 
able testing  program.   The  detailed  allocations  to  each  of  the  system  ele- 
ments is  discussed  later  in  this  section. 

The  technological  limitations  inherent  in  package  fabrication,  closure, 
and  inspection  are  addressed  in  the  process  reliability  assessments  that  will 
be  conducted  in  support  of  resolving  Issue  4.3  (Section  8.3.4.4). 

Additional  limitations  associated  with  the  repository  handling  and 
emplacement  operations  that  may  have  an  effect  on  subsequent  containment 
performance  are  discussed  in  conjunction  with  Issues  1.11  (Section  8.3.2.2) 
and  4.4  (Section  8.3.2.5)  . 

The  waste  package  materials  testing  activities  are  designed  to  aid  in 
evaluating  the  uncertainties  in  the  behavior  of  the  materials  under  antici- 
pated repository  conditions.   Those  activities  associated  with  the  container 
materials  are  discussed  in  this  section.   The  waste  form  testing  activities 
are  described  under  Issue  1.5  (Section  8.3.5.10).   Similarly,  uncertainties 
will  exist  in  the  characterization  of  the  near-field  environment.   The  activ- 
ities aimed  at  quantifying  the  remaining  uncertainties  are  described  under 
Issue  1.10  (Section  8.3.4.2). 

Inherent  in  the  resolution  of  the  containment  issue  is  the  requirement 
to  predict  the  performance  of  the  waste  packages  over  the  entire  duration  of 
the  containment  period.   This  requirement  will  necessitate  predictive  models 
that  cannot  be  fully  validated  and  will  therefore  contain  additional  residual 
uncertainties.  The  models  that  support  predictions  of  the  container  perform- 
ance are  discussed  in  this  section.  Waste  form  and  overall  waste  package 
performance  assessment  models,  including  sensitivity  analyses,  are  described 
under  Issue  1.5  (Section  8.3.5.10) 

Figure  8.3.5.9-3  shows  the  hierarchy  of  models  to  be  developed  and 
employed  in  resolution  of  the  issues  relating  to  design  and  performance  of 
the  waste  packages.  To  avoid  duplication  in  the  SCP  of  description  of  the 
development  of  the  numerical  models  and  the  testing  activities  that  provide 
their  bases,  the  discussion  in  this  section  is  limited  to  the  models  and 
submodels  that  are  highlighted  in  the  figure.   These  are  the  models  that 
supply  the  simulations  of  the  performance  of  the  containers.   The  various 
other  models  needed  to  complete  the  predictions  for  containment  are  described 
under  Issues  1.5  (Section  8.3.5.10)  and  1.10  (Section  8.3.4.2).  The  testing 
and  design  activities  described  in  this  section  are  tentative  and  are  subject 
to  change.  Any  such  change  will  be  reported  in  semiannual  progress  reports. 

This  issue,  as  stated,  is  restricted  to  assessing  waste  package  perform- 
ance under  anticipated  processes  and  events,  and  only  for  the  period  up  to 
1,000  yr  following  closure  of  the  repository.   This  is  based  on  a  performance 
allocation  approach  described  below.   Figure  8.3.5.9-4  shows  the  performance 
allocation  approach  to  resolving  this  issue.   The  performance  measures  and 
goals  are  shown  in  Table  8.3.5.9-1.   However,  the  performance  of  the  waste 
packages  during  the  containment  period  is  intimately  linked  to  the  perform- 
ance required  thereafter  by  the  engineered  barrier  system  in  controlling 
radionuclide  releases  in  Issue  1.5  (Section  8.3.5.10).  The  level  of  perform- 
ance needed  during  the  containment  period  to  establish  conditions  that  will 
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Table  8.3.5.9-1 


Performance  measures  and  goals  for  Issue  1.4  (containment 
by  waste  package) 


System 
element 


Performance 
measure 


Tentative 
goala 


Needed 
confidence 


Engineered 
environ- 
ment15 


Quantity  of  liquid 
water  that  can 
contact  the 
container 


Quality  of  liquid 
water  that  can 
contact  the 
container 

Rock-induced  load 
on  waste  package 


For  t  <300:  High 

No  liquid  water  contact- 
ing the  container  for 
95%  of  packages,  <5  L 
per  package  per  year  for 
the  remaining  5% 

and 

<1.0%/yr  of  the  total      High 
number  of  emplacement 
hole  walls  will  be 
initially  contacted 
by  liquid  water 

For  300  <  t  <  1000:  High 

No  liquid  water  contacting 
the  container  for  90%  of 
packages,  <5  L  per  package 
per  year  for  the  remaining 
10%  " 

and 

<1.0%/yr  of  the  total      High 
number  of  emplacement 
hole  walls  will  be 
initially  contacted 
by  liquid  water 


Constrain  water  chemistry     High 
to  acceptable  levels 
for  performance  of 
container  and  waste  form 

Load  less  than  design  basis   High 
(see  Table  8.3.4.2-3) 
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Table  8.3.5.9-1 


Performance  measures  and  goals  for  Issue  1.4  (containment 
by  waste  package)  (continued) 


System 
element 


Performance 
measure 


Tentative 
goala 


Needed 
confidence 


Container 


Maximum  fraction  of 
containers  that 
failed  in  any 
given  yearc 


Waste  form 


Cumulative  release 
of  radionuclides 
from  the  ensemble 
of  breached 
packages 


For  containers  with 
no  liguid  water 
contact : 


For  t  <  100: 

<  0.0001/yr 

For  100  <  t  <  300: 

<  0.0005/yr 

For  300  <  t  <  1,000: 

<  0.001/yr 

For  containers  with 
liguid  water 
contact: 

For  t  <  300: 

<  0.0005/yr 

For  300  <  t  <  1,000: 

<  0.001/yr 

For  t  <  300  yr: 
<2.0  x  10"2  of 
the  total  curie 
inventory  of  the 
ensemble  of 
breached  packages 

For  300  <  t  <  1000: 
<1  X  10~2  of 
the  total  curie 
inventory  of  the 
ensemble  of 
breached  packages 


High 
High 
High 


High 
High 
High 


High 


at  =  years  after  repository  closure. 

bEnvelope  for  anticipated  processes  and  events. 

cFailure  is  defined  as  a  breach  allowing  air  flow  of  1  x  10~4  atm-cm3/s. 
A  value  for  the  limit  of  cumulative  failures  will  be  determined  as  part  of 
the  container  material  studies  and  will  be  consistent  with  regulatory  intent 
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provide  the  required  release  rate  control  thereafter  may  require  different 
goals  than  those  used  to  resolve  this  issue.   Other  issues  need  information 
on  the  performance  of  the  containers  for  longer  time  periods  and  under  both 
anticipated  and  lower  probability  scenarios.   These  other  issues  are  as 
follows: 

1.  Issue  1.1:  This  system  performance  issue  needs  information  on  pre- 
dicted time  to  loss  of  containment  by  the  waste  packages  for  times 
up  to  10,000  yr  after  closure  due  to  both  anticipated  and  unantici- 
pated processes  and  events. 

2.  Issue  1.5:  This  issue  addresses  the  release  rates  of  radionuclides 
from  the  engineered  barrier  system,  assuming  anticipated  processes 
and  events  for  1,000  to  10,000  yr  after  closure.   The  condition  of 
the  waste  forms  and  containers  will  affect  those  release  rates. 

3.  Issue  1.9:   This  issue  addresses  the  higher-level  findings  that 
support  site  selection.   Calculations  of  predicted  releases  to  the 
accessible  environment  for  100,000  yr  are  required.   These 
calculations  will  use  release  rate  information  from  the  engineered 
barrier  system  that  is  affected  by  the  condition  of  the  containers. 

These  issues  are  addressed  in  Sections  8.3.5.13  (Issue  1.1),  8.3.5.10 
(Issue  1.5),  and  8.3.5.18  (Issue  1.9). 

Approach  to  resolving  the  issue 

To  resolve  this  issue,  the  DOE  will  use  the  following  approach  to  the 
development  of  the  engineered  barrier  system: 

1.  Enhance  the  natural  features  of  the  unsaturated  zone  repository  by 
engineering  the  local  environment  to  conditions  favorable  to  waste 
package  integrity. 

2.  Evaluate  waste  package  container  design  to  provide  a  highly  reliable 
sealed  containment  barrier  around  the  waste  for  at  least  1,000  yr 
over  the  full  range  of  repository  conditions. 

3.  Evaluate  alternative  design  concepts  and  materials  and  select  a 
final  design  based  on  a  comparison  of  waste  isolation  capabilities 
and  other  relevant  factors. 

4.  Execute  a  thorough  testing,  evaluation,  and  characterization  program 
(following  approved  quality  assurance  procedures)  to  evaluate  waste 
package  designs  and  estimate  their  expected  performance  in  the 
repository. 

5.  Fabricate  and  close  waste  package  containers  using  detailed 
specifications  and  procedures  including  stringent  quality  controls, 
to  ensure  high  reliability  in  postclosure  performance. 

6.  Identify  uncertainties  that  influence  performance  predictions 
through  performance  assessment,  quantify  or  bound  the  uncertainties, 
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and  then  reduce  them  to  a  practical  minimum  through  testing  and 
performance  confirmation. 

7.  Utilize  the  characteristics  of  the  waste  form  in  conjunction  with 
the  other  engineered  waste  package  components  and  the  unsaturated 
zone  environment  to  ensure  that  any  releases  that  may  occur  during 
the  containment  period  occur  at  low  rates. 

The  DOE  considers  that  the  activities  just  outlined  will  result  in  an 
engineered  barrier  system  design  that,  through  its  many  complementary  and 
redundant  characteristics,  will  satisfy  all  the  criteria  of  10  CFR  60.113, 
and  in  doing  so,  will  resolve  this  issue  with  a  high  degree  of  assurance. 

Engineered  environment  enhancement 

As  discussed  in  Section  8.4.1.1,  the  unsaturated  zone  environment  is 
naturally  dry,  and  it  is  likely  to  remain  that  way  for  10,000  yr  and  more. 
This  is  expected  to  be  confirmed  by  site  characterization.  Moreover,  the 
characteristics  of  the  tuff  rock  in  the  repository  horizon  are  such  that 
movement  of  water  occurs  generally  by  matrix  flow  rather  than  by  flow  in 
fractures.   Since  most  waste  package  degradation  modes  and  waste  transport 
modes  depend  upon  the  presence  and  movement  of  ground  water  in  the  vicinity 
of  the  waste,  these  features  create  a  very  favorable  environment  for  waste 
disposal. 

The  DOE  plans  to  incorporate  several  additional  features  into  the 
engineered  barrier  design  to  further  enhance  the  natural  characteristics  of 
the  unsaturated  zone  environment: 

1.  Construction  and  operation  of  the  repository  will  further  "dry  out" 
the  repository  host  rock  by  entrainment  of  the  moisture  in  the  air 
moved  through  the  repository  by  the  ventilation  system. 

2.  The  decay  heat  produced  by  the  high-level  waste  will  be  used  by 
designing  the  arrangement  of  emplacement  locations  to  raise  the 
temperature  of  the  host  rock  above  the  local  boiling  point  of  water 
and  to  maintain  it  above  that  point  for  hundreds  of  years  for  most 
of  the  waste  packages. 

3.  Other  features,  such  as  an  air  gap  between  the  host  rock  and  the 
waste  containers,  may  be  used  to  further  militate  against  the 
contact  of  water  with  che  waste  packages. 

4.  Precautions  will  be  taken  to  minimize  changes  to  the  water  quality 
that  would  be  deleterious  to  postclosure  performance.  Performance 
parameters  and  goals  for  water  quality  are  given  in  Table  8.3.5.9-2 

Activities  and  performance  allocation  related  to  these  factors  are 
discussed  in  Section  8.3.4.2  under  Issue  1.10. 
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Sealed  containment  barrier 

The  DOE  has  established,  as  a  design  basis,  that  a  sealed  barrier,  a 
container,  will  be  maintained  around  the  waste  for  1,000  yr  following  reposi- 
tory closure.   This  sealed  barrier  will  be  designed  to  survive  without  breach 
over  the  full  range  of  expected  repository  environmental  conditions. 

In  practice,  because  of  uncertainties  associated  with  the  long  time 
spans  and  technological  limitations,  not  all  containers  will  remain 
unbreached  for  1,000  yr.   But  the  actual  fraction  of  containers  that  may 
breach  will  be  a  small  number.  Much  of  the  waste  package  testing  program 
activities  will  be  aimed  at  determining  the  actual  number  with  high  confi- 
dence, and  reducing  that  number  to  the  lowest  practical  level. 

Alternative  designs 

To  be  consistent  with  the  reguirements  (10  CFR  60.21(c)  (1)  (ii)  (D) ) ,  the 
DOE  will  evaluate  alternative  waste  package  and  engineered  barrier  system 
designs,  including  material  selections.   Each  design  will  provide  a  highly 
reliable  containment  barrier  over  the  full  range  of  repository  conditions. 
Comparative  evaluations  of  alternatives  will  be  made  at  various  points  in  the 
development  process,  with  selections  being  made  among  them  based  on  their 
relative  waste  isolation  capabilities  and  other  relevant  factors.   It  is 
intended  that  these  alternative  designs  will  enhance  the  capability  of  waste 
isolation  by  reducing  the  sensitivity  to  residual  uncertainties  in  the 
service  environment. 

Testing  program 

Performance  is  allocated  to  the  container,  waste  form,  and  engineered 
environment  as  part  of  an  overall  strategy  to  ensure  compliance  with  the 
substantially  complete  containment  reguirement .   However,  the  emphasis  on 
providing  containment  is  placed  on  the  waste  container.   The  testing  program 
under  Issue  1.4  involves  both  literature  and  laboratory  studies  directed  at 
bounding  the  uncertainties  on  container  performance.  As  described  earlier, 
these  uncertainties  include  (1)  preemplacement  limitations,  such  as  fabri- 
cation and  handling,  (2)  the  inability  to  definitively  guantify  waste  package 
material  performance,  and  (3)  uncertainties  in  the  near-field  environment 
surrounding  each  waste  package.   The  conceptual  design  of  the  waste  package 
is  based  on  the  current  understanding  of  the  anticipated  repository  condi- 
tions (see  Chapter  7) .   The  test  program  is  part  of  the  iterative  test, 
assessment,  and  design  process  that  may  be  modified  as  more  and  better  infor- 
mation is  obtained  during  site  characterization.  As  part  of  the  development 
of  detailed  plans  for  testing,  the  DOE  will  determine  a  statistical  basis  for 
the  number  and  types  of  tests  conducted  under  appropriate  activities  to  the 
extent  practical.   Information  from  other  areas  of  investigation,  such  as 
Issues  1.5  (Section  8.3.5.10),  1.10  (Section  8.3.4.2),  2.6  (Section  8.3.4.3), 
and  4.3  (Section  8.3.4.4),  will  all  be  considered  in  the  final  waste  package 
design.  A  full  appreciation  of  the  design  process  can  only  be  gained  by 
understanding  all  waste  package  performance  and  design  issues.   In  addition, 
analyzed  data  from  Issue  1.4  will  be  used  to  resolve  other  issues,  including 
Issue  1.1  (Section  8.3.5.13),  which  will  demonstrate  total  system  performance 
over  10,000  yr,  and  Issue  1.5,  the  gradual  release  reguirement  of  10  CFR 
60.113. 
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The  current  reference  container  design  is  based  on  a  corrosion-resistant 
container  fabricated  from  one  of  six  possible  metals,  three  iron-based  or 
high-nickel  austenitic  alloys,  and  three  copper  or  copper  alloys.   In  addi- 
tion, alternative  materials  and  concepts  are  being  evaluated,  including  other 
metal  systems,  ceramics,  coatings,  and  fillers.   Because  of  the  possible 
range  in  the  postemplacement  repository  environment  and  the  preemplacement 
(fabrication,  assembly,  and  handling)  conditions  affecting  postemplacement 
processes,  it  is  important  to  fully  understand  those  features  of  the  waste 
package  container  affecting  performance.   The  mechanical,  physical,  and 
microstructural  properties  of  the  container  base  metal,  welded  materials,  and 
exposed  surfaces  will  be  described.  General  and  localized  corrosion  will 
also  be  evaluated.   These  results  will  aid  in  the  understanding  of  the  per- 
formance of  the  as-emplaced  container  and  will  be  important  inputs  for  the 
container  material  selection  process,  along  with  the  characterization  of  the 
likely  modes  of  container  breach,  and  the  modeling  of  container  performance. 
These  models  will  be  used  to  assess  (1)  the  rate  of  container  degradation  in 
the  repository  environment,  under  both  anticipated  and  unanticipated  proc- 
esses and  events,  and  (2)  the  failure  rate  of  the  containers  over  time,  using 
both  deterministic  and  probabilistic  approaches. 

The  results  of  this  work  will  be  used  to  determine  compliance  with  the 
substantially  complete  containment  reguirement  and  as  input  into  the  activi- 
ties addressing  gradual  releases  of  radionuclides  over  10,000  yr  under  Is- 
sue 1.5.  Analyses  will  be  conducted  in  order  to  understand  and  reduce  the 
uncertainties  associated  with  different  waste  package  designs.  Also,  the  DOE 
believes  that  releases  from  any  failed  containers  will  occur  at  a  very  low 
rate  and,  therefore,  will  meet  the  substantially  complete  containment 
reguirement.   To  address  this,  the  DOE  will  combine  the  results  of  studies, 
from  Issue  1.5,  that  will  predict  the  performance  of  the  spent  fuel  and  glass 
waste  forms  over  all  times  up  to  10,000  yr,  with  information  from  Issue  1.4, 
which  emphasizes  container  performance. 

Waste  package  design  and  fabrication  program 

The  objective  of  the  waste  package  design  and  fabrication  program  is  to 
provide  waste  package  containers  of  high  guality  that  can  be  fabricated, 
closed,  and  inspected  using  available  and  accepted  practices.   This  program 
includes  the  following  activities:  parametric  studies  to  aid  material  selec- 
tion, evaluation  and  selection  of  manufacturing  processes,  setting  appropri- 
ate specifications  for  these  materials  and  processes,  and  developing  inspec- 
tion technigues.   These  activities  will  be  conducted  under  a  sound  guality 
control  program.  Other  activities  include  fabricating  full-scale  prototypes 
and  designing  and  implementing  a  program  for  monitoring  the  performance  of 
representative  waste  packages  during  the  repository  preclosure  period  as  a 
part  of  the  performance  confirmation  program.   Thermal  parametric  studies 
will  also  be  conducted  to  evaluate  the  effects  of  variations  in  thermal  prop- 
erties, emplacement  configuration,  and  heat  transfer  characteristics  on  waste 
form,  container,  and  near-field  rock  temperatures.  These  studies  will  pro- 
vide a  basis  for  designs  that  are  consistent  with  the  postclosure  containment 
strategy. 

The  container  fabrication  process  development  consists  of  multiyear 
multiphase  activities  to  assess  alternatives  and  to  recommend  and  demonstrate 
a  method  for  fabrication  of  containers  through  production  of  full-scale 
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prototypes.  The  container  final  closure  development  activity  also  involves  a 
multiyear  effort  to  recommend  and  demonstrate  joining  methods.  Emphasis  will 
be  placed  on  a  simple,  reliable,  maintainable  system  that  (1)  will  provide 
the  required  throughput  to  support  the  projected  disposal  container  pro- 
duction schedule,  (2)  is  capable  of  operation  in  the  repository  hot-cell,  and 
(3)  will  produce  a  defect-free  closure  that  has  a  microstructure  suitable  for 
nondestructive  evaluation  (NDE) . 

Ultrasonic  and  dye  penetrant  techniques  have  been  tentatively  selected 
for  NDE  of  the  metallic  container  final  closure.   Similar  techniques  will  be 
selected  for  alternates  as  appropriate.  Techniques,  such  as  mechanical 
testing  or  metallographic  inspection,  are  destructive  in  nature  and  will  be 
used  on  statistically  sampled  containers  at  the  point  of  manufacture. 
Others,  such  as  ultrasonic  inspection  for  defects,  are  nondestructive  and 
will  be  comprehensively  performed  on  all  the  waste  packages. 

Container  materials  and  prototypes  will  be  procured  for  testing 
activities  in  accordance  with  detailed  specifications.   To  ensure  a  high 
level  of  quality,  materials  and  prototype  container  evaluations  will  include 
mechanical  properties,  chemical  composition,  microstructures,  surface  finish 
and  cleanliness,  closure  quality,  structural  integrity,  and  physical  dimen- 
sions. Other  measurements  may  be  required  as  the  waste  package  designs 
evolve. 

Provision  will  be  made  for  transfer  and  rework  or  repackaging  of  the 
contents  of  completed  packages  that  fail  final  inspection.  Containers 
suspected  of  being  damaged  in  handling  at  the  repository  after  final  inspec- 
tion is  completed  would  be  reinspected  and,  if  appropriate,  disassembled,  and 
the  contents  would  be  transferred  to  new  containers. 

These  activities  will  ensure  that  the  final  products  will  perform  as 
intended  and  serve  their  function  to  contain  the  radionuclides  during  the 
containment  period. 

Assessment  and  reduction  of  uncertainties 

The  stated  containment  performance  goal,  in  effect,  is  that  containment 
will  be  total,  recognizing  practical  technological  limitations.   This  goal 
requires  (1)  the  calculation  of  the  degree  of  containment,  (2)  the  identifi- 
cation of  sources  of  uncertainties,  and  (3)  the  quantification,  to  the  extent 
practicable,  of  the  contributions  of  each  source  of  uncertainty  to  the  over- 
all uncertainty.   In  addition,  once  the  contributing  sources  of  uncertainty 
have  been  evaluated,  the  site  characterization  and  experimental  programs  need 
to  be  reevaluated  to  determine  what  can  reasonably  be  done  to  reduce  those 
significant  sources  of  uncertainties. 

One  methodology  for  analytically  addressing  containment  is  reliability 
analysis.   This  methodology  has  been  suggested  as  an  acceptable  approach  for 
addressing  the  regulatory  containment  requirement  by  the  NRC  staff  in  their 
"Generic  Technical  Position  on  Waste  Package  Reliability  Analysis"  (NRC, 
1985) .  Reliability  is  the  probability  that  a  system  or  component,  when 
operating  under  stated  environmental  conditions,  will  perform  its  intended 
function  adequately  for  a  specified  interval  of  time.   The  NRC  staff  is, 
therefore,  suggesting  a  probabilistic  approach  be  taken  to  address  the 
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deterministic  containment  requirement.   In  Chapter  7  of  this  SCP,  the  DOE 
stated  its  intent  to  use  an  appropriate  reliability  analysis  approach. 

The  analysis  of  uncertainty  supporting  the  determination  of  waste 
package  reliability  will  follow  a  systematic  approach  as  recommended  in  the 
conclusions  of  the  Nuclear  Energy  Agency' s  workshop  on  uncertainty  analysis 
(NEA,  1987)  .   This  means  that  the  analysis  of  reliability,  in  terms  of 
predicting  containment  time  and  evaluating  the  uncertainty  in  that  predic- 
tion, will  include  the  following  aspects: 

1.  Combining  deterministic  modeling,  probabilistic  analyses,  and 
uncertainty  analyses  to  determine  waste  package  reliability. 

2.  Using  combinations  of  quantitative  methods,  recognizing  the  uses  and 
limitations  of  each  method  and  its  results. 

3.  Minimizing  the  use  of  nonquantitative  uncertainty  analysis  methods. 

4.  Using  sensitivity  analyses  to  identify  important  sources  of 
uncertainty  in  parameters. 

5.  Treating  correlations  between  parameters  as  part  of  the  uncertainty 
analysis. 

6.  Systematically  documenting  and  properly  identifying  the  input  data 
and  process  used  to  create  subjective  probability  density  functions 
describing  parameter  uncertainty. 

7.  Using  quality  assurance  procedures  to  document  and  verify  codes  and 
to  validate  models  to  the  extent  practicable,  taking  into  account 
their  use  and  relative  importance  in  demonstrating  regulatory 
compliance. 

In  terms  of  minimizing  uncertainties,  combining  uncertainty  and  sensi- 
tivity analyses  appropriately  will  allow  the  modeling  effort  to  feed  informa- 
tion back  to  the  design  and  testing  effort  regarding  priorities  in  reducing 
those  uncertainties  that  can  be  experimentally  addressed.   The  iterative 
nature  of  this  issue  resolution  strategy  becomes  evident  in  the  identifica- 
tion of  those  sources  of  important  uncertainties  that  may  be  amenable  to 
reduction  through  experimental  or  design  changes.   It  is  expected  that,  at 
the  time  of  licensing,  this  iterative  approach  will  have  determined  that  the 
preferred  waste  package  design  will  meet  the  established  performance  goals. 
Given  the  ongoing  in  situ  testing  program  that  can  help  define  expected  con- 
ditions more  closely,  and  the  ongoing  performance  confirmation  program  with 
its  continuing  monitoring  and  testing,  it  would  be  expected  that  the  uncer- 
tainties in  the  application  for  a  license  amendment  for  final  closure  of  the 
repository  would  present  waste-package  containment-performance  estimates  with 
significantly  reduced  uncertainties. 

Tentative  goals  for  releases  from  the  waste  packages 

As  noted  earlier,  despite  the  best  efforts  during  design,  fabrication, 
handling,  and  emplacement,  a  small  number  of  containers  may  be  expected  to 
breach  during  the  containment  period.   Thus,  a  demonstration  of  substantially 


.3.5.9-11 


DECEMBER  1988 

complete  containment  must  inevitably  address  possible  releases  during  the 
containment  period,  as  well  as  possible  alterations  of  the  waste  form  that 
may  have  an  effect  on  subsequent  releases  after  the  containment  period. 

In  10  CFR  Part  60,  the  NRC  requires  that  any  releases  from  the 
engineered  barrier  system  be  at  a  low  rate.   However,  the  NRC  provided  a 
numerical  criterion  only  for  releases  following  the  end  of  the  containment 
period.  From  the  requirement  for  substantially  complete  containment,  it  is 
clear  that  the  NRC  intended  that  releases  during  the  containment  period  also 
be  low. 

The  DOE  considers  it  appropriate  to  require  that  releases  of  isotopes 
with  long  half-lives  from  the  waste  packages  be  controlled  at  a  stricter 
standard  during  the  containment  period  than  during  the  post-containment 
period.   Thus,  to  guide  the  testing  program,  the  DOE  has  established  the 
tentative  criterion  that  release  of  these  isotopes  from  the  waste  packages 
will  be  controlled  such  that  their  annual  rates  of  release  are  each  less  than 
1  part  in  1,000,000  for  those  isotopes  present  in  sufficient  quantity  in  the 
1,000-yr  inventory.   The  isotopes  for  which  this  criterion  applies  are  listed 
in  Table  8.3.5.10-3b.   In  establishing  the  requirement  for  substantially 
complete  containment  for  300  to  1,000  yr,  the  NRC  indicated  that  this  was 
.intended  to  provide  a  period  of  greater  isolation  when  concentrations  of 
fission  products  were  at  their  highest  levels.   However,  no  specific 
quantitative  guidance  was  provided  for  releases  during  the  containment 
period.   Consistent  with  public  health  safety  requirements,  the  DOE  has 
tentatively  elected  to  limit  releases  of  all  other  radioactive  isotopes  to  an 
annual  release  rate  of  less  than  1  part  in  100,000  of  the  current  inventory 
of  that  isotope  in  the  ensemble  of  all  the  waste  packages.   The  performance 
parameters  related  to  this  performance  measure  on  the  waste  form  are  given  in 
Table  8.3.5.9-3. 

Performance  allocation 

Performance  is  allocated  to  the  engineered  environment  to  provide  a 
situation  favorable  to  the  performance  of  both  the  container  and  the  waste 
form.  The  reference  approach  includes  branches  for  both  the  expected  case, 
in  which  no  water  contacts  the  container,  and  a  bounding  case,  in  which 
increasingly  more  containers  could  be  exposed  to  an  increasing  but  still 
limited  amount  of  water  with  time.   The  in  situ  conditions  provide  a  host 
rock  only  partially  saturated  with  water  and  at  atmospheric  pressure,  and  a 
very  low  downward  flux  of  water.   These  conditions  are  expected  to  apply  over 
:he  range  of  all  anticipated  processes  and  events.   For  these  conditions,  the 
:hermal  field  developed  by  the  waste  package  thermal  loading  and  the  reposi- 
:ory  emplacement  configuration  will  raise  the  temperature  of  the  near-field 
rock  above  the  boiling  point,  drying  it  out,  and  retarding  the  return  of 
Liquid  water.   Because  of  this  combination  of  natural  and  engineered 
|  features,  performance  goals  are  set  for  the  amount  of  liquid  water  per  year 
I   :hat  can  contact  the  container,  for  the  rate  at  which  conditions  permitting 
;  .iquid  water  to  contact  packages  is  established,  and  for  the  chemical  quality 
'  )f  the  water.  After  cooling  below  the  boiling  point,  most  waste  packages 
ire  not  expected  to  be  exposed  to  liquid  water  because  of  the  limited  water 
:lux  available  in  the  host  rock,  the  heat  generation  from  the  packages,  and 
he  air  gap  over  most  of  the  interface  between  the  packages  and  the  host 
■ock. 
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To  provide  bounding  assumptions  to  control  performance  allocation  to  other 
system  elements,  bounding  values  of  5  L  of  water  per  package  per  year 
contacting  5  percent  of  the  packages  during  the  first  300  yr  after  closure, 
and  5  L  of  water  per  package  per  yr  contacting  10  percent  of  the  waste 
packages  for  the  period  from  300  to  1,000  yr  after  closure  is  assumed.   This 
goal  is  consistent  with  that  set  in  Issue  1.10  (Section  8.3.4.2),  where  the 
basis  for  selecting  the  goal  and  the  performance  parameters  and  model  inputs 
that  will  be  used  to  achieve  this  goal  are  discussed  in  more  detail.  A 
characterization  goal  is  set  for  the  mode  of  water  flow  into  the  borehole,  to 
ensure  that  processes  connected  with  fracture  flow  and  concentration  of  the 
salts  carried  in  low  concentrations  by  the  ground  water  do  not  upset  the 
simple  bounding  process  described  (see  discussion  of  the  design  envelope  in 
Section  8.3.4.2).   Performance  is  allocated  to  limit  the  rock-induced  load  to 
an  amount  accommodated  by  the  waste  package  design.   The  loads  may  arise  from 
block  movement  due  to  the  rock  responding  to  gravitational  forces  and  the 
thermal  cycle. 

Performance  is  allocated  to  the  waste  package  container  to  meet  the 
design  objectives.  The  containers  will  be  designed  with  a  design  life  goal 
that  is  consistent  with  the  duration  of  the  containment  period.   However,  it 
is  recognized  that  some  preclosure  container  breaches  will  escape  detection 
.and  that  a  very  small  fraction  of  containers  will  breach  during  the  contain- 
ment period.   These  breaches  may  not  constitute  failure  since  failure  is 
defined  as  a  breach  large  enough  to  allow  significant  air  flow  (1  x  10"4 
atm-cm3/s)  into  the  container.   The  values  given  in  Table  8.3.5.9-1  represent 
those  that  are  conservative  compared  with  those  that  are  presently  attainable 
given  today's  state  of  technology.   This  test  is  a  general  standard  accepted 
by  the  nuclear  industry. 

Performance  is  allocated  to  the  waste  form,  including  the  cladding  of 
spent  fuel,  to  aid  in  retaining  radioactivity  inside  the  waste  packages  and 
limiting  radioactivity  release  rate  from  the  engineered  barrier  system. 
Glass  waste  forms  can  release  radionuclides  only  through  alteration  and 
transport  by  liguid  water.   The  glass  waste  form,  when  exposed  in  failed 
packages,  is  allocated  performance  limiting  the  rate  of  release  from  the 
failed  package;  this  rate  is  less  stringent  than  the  performance  goal  set 
(in  Issue  1.5)  for  the  controlled  release  period  and  is  expected  to  be 
achieved. 

Spent  fuel  has  several  potential  modes  of  waste  release;  hence, 
[   performance  parameter  goals  have  to  be  set  to  limit  the  fractions  of  the 
i  :otal  radioactivity  available  for  these  release  modes  to  meet  the  waste  form 
!  performance  goal.  The  performance  allocations  change  over  time  since  the 
\   proportions  of  different  radionuclides  in  the  total  inventory  change  over 
;  :ime.  The  fuel  cladding  is  also  allocated  performance  for  several  purposes. 
I  )uring  the  first  100  yr  after  closure,  when  there  is  still  a  significant 
imount  of  Kr-85  gas  in  the  spent  fuel,  the  intact  cladding  can  help  contain 
:his  nuclide.   During  the  first  300  yr  after  closure,  the  fraction  of  intact 
:ladding  under  liquid  exposure  conditions  can  help  limit  the  release  rate  of 
'0-137  and  Sr-90,  the  major  components  of  the  radioactivity  inventory  during 
•hat  period.   For  time  periods  when  the  fuel  is  still  hot  enough  to  oxidize 
ippreciably  if  exposed  to  air  (this  temperature  range  is  well  above  the 
•oiling  point  of  water) ,  the  intact  cladding  can  prevent  exposure  of  the  fuel 
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matrix  to  air.   The  performance  assigned  to  the  cladding  while  still  dry  is 
improved  by  the  absence  of  liquid-based  corrosion  modes. 

The  reasons  these  performance  measures  and  their  goal  values  were 
selected  can  be  clarified  by  examining  the  strategy  for  satisfying  the 
substantially  complete  containment  requirement  of  this  issue. 

The  design  objective,  limiting  the  rate  of  radioactivity  release  from 
the  waste  package,  relies  on  performance  allocated  to  the  engineered  environ- 
ment, the  waste  package  container,  and  the  waste  form.   The  performance  allo- 
cation differs  for  three  time  periods  during  the  first  1,000  yr  of  the  post- 
closure  period  as  the  proportions  of  radionuclides  of  different  types  change, 
the  environmental  conditions  change,  and  the  container  and  fuel  cladding  are 
exposed  for  longer  times  to  potential  failure  modes.   The  specific  perform- 
ance allocations  for  the  three  time  periods  are  discussed  in  detail  below. 

The  bounding  values  for  many  of  the  parameters  discussed  in  this  and  the 
following  sections  are  not  expected  to  occur.   Insufficient  information  is 
available  to  select  more  realistic  values  at  this  time,  but  it  is  expected 
that  data  gathered  during  the  site  characterization  program  and  by  the 
testing  programs  on  performance  of  waste  forms  and  container  materials  will 
provide  the  basis  for  determining  the  bounds  for  anticipated  processes  and 
events. 

Rationale  for  division  of  the  containment  period  into  segments.  As 
noted  in  the  preceding  sections,  the  up  to  1,000-yr  containment  period  will 
be  one  of  continuously  changing  environmental  conditions  and  rapidly  changing 
radionuclide  inventory.  One  of  the  most  significant  environmental  aspects  of 
this  period  will  be  an  early  high  temperature  peak  during  the  first  100  yr 
after  emplacement  of  the  waste,  followed  by  a  much  more  gradual  decline  in 
temperature.   The  types  and  quantities  of  radionuclides  that  contribute  to 
the  total  radioactivity  also  undergo  major  changes  during  this  period,  with 
early  times  dominated  by  relatively  short-lived  fission  products  and  the  late 
times  dominated  by  long-lived  actinides.   Because  the  environmental  condi- 
tions play  a  large  role  in  determining  the  performance  of  the  various 
components  of  the  waste  package,  and  the  changing  makeup  of  the  radionuclide 
inventory  imposes  different  demands  on  the  containment  barriers  as  a  function 
of  time,  the  containment  period  has  been  divided  into  three  subperiods:  0  to 
100-yr  postclosure;  100-  to  300-yr  postclosure;  and  300-  to  1,000-yr  post- 
closure.  The  rationale  for  selecting  these  divisions  and  the  performance 
allocated  to  key  system  elements  during  each  subperiod  are  discussed  below. 
This  is  followed  in  subsequent  sections  by  more  detailed  discussions  of  the 
performance  allocated  to  each  system  element  and  the  justification  for  the 
goals  set  for  these  allocations. 

The  reference  performance  allocation  case  given  in  Table  8.3.5.9-1  and 
Figure  8.3.5.9-4  uses  bounding  conditions  based  on  the  present  understanding 
of  the  repository  emplacement  environment,  the  expected  performance  of  the 
waste  forms  in  that  environment,  and  the  data  available  on  the  performance  of 
metals  in  similar  environments.   In  setting  the  performance  goals,  allowance 
has  been  made  for  the  uncertainties  in  the  site  and  materials  properties 
data. 
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Section  8.3.4.2  describes  activities  to  establish  the  waste  package 
environment.   In  order  to  establish  the  performance  allocations  discussed 
herein,  certain  assumptions  about  the  repository  environment  were  made  based 
on  current  understanding  of  the  site.   The  "expected  case"  describes  the 
environment  that  would  exist  if  site  characterization  activities  confirm  this 
understanding.   The  "bounding  case"  is  believed  to  approximate  the  most 
limiting,  adverse  conditions  that  are  consistent  with  the  repository  horizon 
remaining  in  the  unsaturated  zone.   The  bounding  case  will  be  used  as  the 
initial  design  basis. 

The  DOE  intends  to  design,  produce,  and  emplace  the  waste  packages  to 
ensure  that  only  a  small  number  of  containers  will  fail  during  the  contain- 
ment period,  and  recognizes  that  a  very  low  average  failure  rate  (with  many 
years  of  zero  failures)  will  be  necessary  to  achieve  this.   The  "maximum 
failures  in  any  given  year"  shown  in  Figure  8.3.5.9-4  and  Table  8.3.5.9-1  are 
not  related  to  this  average  failure  rate.  Instead,  they  are  intended  to 
limit  spike  releases  for  atypically  grouped  failures,  which  would  not  be 
repeated  on  an  ongoing  basis.   These  values  represent  the  maximum  allowable 
container  failure  rates  in  any  given  year  based  on  "rapid  release"  fractions 
of  some  radionuclides,  which  may  occur  without  exceeding  the  release  rate 
goals  assumed  above  for  the  containment  period.   It  is  not  correct  to  simply 
multiply  these  values  by  the  time  durations  listed  to  derive  an  estimate  of 
the  total  (cumulative)  number  of  container  failures  that  can  be  tolerated 
during  the  containment  period.  Additional  studies  will  be  conducted  to 
establish  a  bounding  value  for  the  cumulative  number  of  container  failures 
allowable.  Alternative  designs  will  be  evaluated  with  the  selection  made  on 
the  basis  of  their  relative  waste  isolation  capabilities,  and  other  relevant 
factors. 

0-  to  100-yr  postclosure.   During  this  time  period,  the  waste 
packages  and  near-field  rock  will  experience  the  highest  temperatures 
achieved  during  the  postclosure  period.   The  temperature  of  the  borehole  wall 
is  expected  to  be  well  in  excess  of  the  boiling  point  of  water  for  a  large 
najority  of  packages.   The  effect  of  this  thermal  pulse  in  the  environment 
fill  be  to  dry  out  the  surrounding  rock  and  thus  preclude  the  possibility  of 
.iquid  water  contacting  the  majority  of  the  waste  packages.   In  the  absence 
)f  liquid  water,  there  are  few  credible  mechanisms  for  producing  failure  of 
:he  containers  and  no  mechanisms  for  the  release  of  radionuclides  other  than 
.hose  that  can  exist  in  a  gas  phase. 

The  thermal  pulse  is  a  direct  result  of  the  high  radioactivity  of  the 
i'raste  during  this  period.   The  dominant  contribution  to  the  total  radio- 
■  ctivity  comes  from  the  nuclides  Cs-137,  Sr-90,  and  their  very  short-lived 
(aughter  products,  Ba-137m  and  Y-90.   These  four  nuclides  alone  account  for 
■bout  85  percent  of  the  total  activity  at  the  start  of  this  period,  declining 
,1o  about  50  percent  of  the  total  by  100  yr  after  closure.   Cesium  and,  to  a 
■-esser  extent,  strontium  can  migrate  during  reactor  operation  to  grain 
boundaries  and  the  pellet-cladding  gap  in  the  fuel  where  they  are  readily 
accessible  for  release  when  contacted  by  water.   Less  than  2  percent  of  the 
inventory  of  those  readily  soluble  "gap  and  grain  boundary"  elements  is 
expected  to  be  in  this  form  in  unoxidized  fuel. 

The  fuel  in  pins  with  failed  cladding  within  failed  containers  will  be 
contacted  by  oxygen  in  the  repository  air.   Because  of  the  high  temperatures 
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expected  during  this  period,  such  conditions  may  result  in  the  oxidation  of 
the  U02  fuel  to  higher  oxidation  states.   This  has  two  effects:   (1)  to 
increase  the  fraction  of  gap  and  grain  boundary  elements  (i.e,  cesium  and 
strontium)  that  is  available  for  subseguent  rapid  release  in  water  and  (2)  to 
allow  all  the  Kr-85  inventory  in  such  oxidized  fuel  to  be  released  rapidly  as 
a  gas.   Fuel  that  might  oxidize  in  the  first  100  yr  but  does  not  contact 
water  is  assumed  to  have  its  entire  inventory  of  gap  and  grain  boundary 
elements  available  for  rapid  release  at  some  later  time.   The  conditions 
under  which  the  gap  and  grain  boundary  elements  can  be  released  (conditions 
under  which  liguid  water  can  enter  a  waste  package,  contact  the  waste  form, 
and  then  exit)  and  the  conditions  under  which  the  fuel  can  oxidize  are 
mutually  exclusive;  if  liguid  water  can  contact  the  waste  form,  it  will  be 
too  cold  to  oxidize  the  fuel  significantly.  Nevertheless,  oxidation  of  the 
fuel  early  in  the  history  of  the  repository  will  affect  the  performance  of 
the  spent  fuel  waste  form  at  later  times  by  increasing  the  size  of  the  gap 
and  grain  boundary  inventory  of  readily  soluble  elements  like  cesium,  iodine, 
and  technetium. 

In  addition,  during  this  period,  there  are  significant  guantities  of  the 
radionuclides  Kr-85  and  H-3  (approximately  300  and  40  parts  in  100,000  of  the 
total  inventory,  respectively)  present  in  the  spent  fuel  waste  form.   In 
unoxidized  spent  fuel,  about  1  to  2  percent  of  the  Kr-85  may  be  present  in 
the  pellet-cladding  gap  as  a  gas  and  is  available  for  immediate  release 
without  the  mediation  of  liguid  water.   H-3  is  thought  to  be  fixed  by  the 
cladding  and  is  unavailable  for  rapid  gaseous  release. 

The  reguirements  driving  the  performance  goals  set  for  the  first  100  yr 
after  closure  are  as  follows: 

1.  Limit  the  guantity  of  fuel  that  can  oxidize  during  this  period  to 
2  percent  of  the  total  inventory  of  the  failed  containers. 

2.  Control  the  annual  release  of  Cs-137,  Sr-90,  and  their  daughter 
products  (as  well  as  other  gap  and  grain  boundary  elements) . 

3.  Control  the  annual  release  of  gaseous  radionuclides  (e.g.,  Kr-85). 

The  first  reguirement  is  met  by  the  number  of  allowed  cladding  failures 
(less  than  2  percent) . 

The  second  of  these  reguirements  is  met  by  the  combination  of  the  goals 
for  allowed  container  failure  rates  (0.0005  per  yr) ,  limited  water  avail- 
ability (less  than  5  percent  of  the  packages  being  wet) ,  number  of  cladding 
failures,  and  the  total  number  of  packages  allowed  to  be  initially  contacted 
by  liguid  water  in  a  single  year  (less  than  1  percent  per  year) .   The  need  to 
control  the  release  of  the  remaining  fraction  of  these  elements  that  is  in 
the  U02  matrix  rather  than  in  the  rapidly  released  gap  and  grain  boundary 
inventory  reguires  that  an  additional  goal  for  the  fractional  release  for 
elements  in  the  matrix  be  set  at  2  x  10"2.   It  is  believed  that  this  is 
achievable. 

The  final  reguirement  is  met  by  a  combination  of  the  allowed  number  of 
container  failures  per  year,  allowed  number  of  cladding  failures,  limited 
guantity  of  Kr-85  available  for  rapid  release  from  unoxidized  fuel  (less  than 
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2  percent) ,  and  the  first  requirement  to  limit  the  amount  of  fuel  that  can 
oxidize. 

From  the  foregoing,  it  can  be  seen  that  the  container  and  the  cladding 
are  important  both  in  limiting  radionuclide  releases  and  in  preventing 
oxidation  of  the  fuel  during  this  period. 

100-  to  300-yr  postclosure.   The  environmental  conditions  in  the 
period  100  to  300  yr  after  closure  are  expected  to  be  characterized  by 
borehole  temperatures  considerably  lower  than  in  the  first  100  yr,  though 
still  well  in  excess  of  the  boiling  temperature  of  liquid  water  for  most  of 
the  packages.  As  in  the  first  100  yr,  this  will  preclude  the  possibility  of 
liquid  water  contacting  the  majority  of  the  waste  packages. 

By  100  yr  after  closure,  the  inventory  of  Kr-85  will  have  decayed  to  an 
insignificant  level  and  the  inventory  of  gap  and  grain  boundary  radionuclides 
will  have  decayed  to  50  percent  of  the  total  activity.   By  300  yr,  these  ele- 
ments will  contribute  less  than  5  percent  to  the  total  radioactivity.   The 
percentage  of  the  inventory  accounted  for  by  the  actinides  rises  from  approx- 
imately 50  percent  at  year  100  to  more  than  95  percent  at  year  300,  with 
approximately  90  percent  of  the  total  activity  due  to  isotopes  of  americium 
and  plutonium  alone. 

As  in  the  first  100  yr,  fuel  exposed  to  the  repository  air  has  the 
potential  to  oxidize  and  redistribute  radionuclides  to  locations  where  they 
are  readily  accessible  for  rapid  release  upon  contact  with  water.   Though  the 
oxidation  would  proceed  more  slowly  because  of  the  lower  temperatures,  fuel 
exposed  to  air  during  this  period  may  oxidize  on  a  time  scale  of  tens  to 
hundreds  of  years.   Thus,  the  cladding  and  containers  must  continue  to 
protect  the  majority  of  the  fuel  from  oxidation  to  avoid  increasing  the 
fraction  of  gap  and  grain  boundary  elements  available  for  rapid  release. 

Because  of  the  rapidly  changing  radionuclide  inventory  during  this 
period,  the  requirements  of  containment  are  different  at  the  start  of  the 
period  than  at  the  end.  The  requirements  driving  the  performance  goals  set 
for  this  period  can  be  summarized  as  follows: 

1.  Limit  the  quantity  of  fuel  that  can  oxidize  to  less  than  2  percent 
of  the  total  inventory  in  the  failed  containers. 

2.  Limit  the  annual  release  of  gap  and  grain  boundary  elements  early 
in  this  period. 

3.  Limit  the  annual  release  of  actinides,  specifically  plutonium  and 
americium. 

The  first  requirement  is  met  by  the  number  of  cladding  failures  allowed 
:o  occur  while  the  fuel  is  dry  and  therefore  hot  enough  to  oxidize 
significantly  (less  than  2  percent) . 

The  second  requirement  is  met  by  the  combination  of  the  goals  for 
illowed  container  failures,  limited  quantity  of  water  (less  than  5  percent  of 
he  packages  being  wet),  number  of  total  cladding  failures  (less  than 
i  percent),  and  the  total  number  of  packages  that  are  initially  contacted  by 
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liquid  water  in  a  single  year  (less  than  1  percent) .   Note  that  overall,  a 
goal  of  5  percent  failed  cladding  is  set  but  only  2  percent  of  the  cladding 
is  allowed  to  fail  while  dry.   This  reflects  the  fact  that  once  the  waste  has 
cooled  sufficiently  to  allow  liquid  water  to  contact  it,  the  cladding  has 
fulfilled  its  primary  function  of  preventing  oxidation  of  the  U02 .   Since  the 
inventory  of  gap  and  grain  boundary  elements  decays  to  a  minor  fraction  of 
the  total  inventory  during  this  period,  the  cladding  is  not  as  important  in 
controlling  the  rapid  release  of  these  elements  as  it  is  in  the  first  100  yr 
after  closure. 

The  release  of  the  fraction  of  gap  and  grain  boundary  elements  that  are 
actually  in  the  U02  matrix  is  controlled  by  the  goal  of  a  fractional  release 
of  1  x  10~3  in  addition  to  the  goals  for  container  failure,  cladding  failure, 
and  water  availability.   It  is  believed  that  this  is  achievable. 

The  third  requirement,  control  of  the  release  of  actinides,  is  met  by 
the  combination  of  goals  for  allowed  container  failures,  the  limited  quantity 
of  water,  and  the  low  solubility  of  these  elements  in  ground  water  of  the 
expected  composition. 

300-  to  1,000-yr  postclosure.   The  environmental  conditions  during 
the  years  300  through  1,000  after  closure  are  expected  to  be  characterized  by 
slow  cooling  of  the  repository.  A  substantial  fraction  of  the  waste  packages 
are  expected  to  remain  above  the  boiling  point  of  water  throughout  this 
period.   Though  the  expected  conditions  are  that  no  liquid  water  will  contact 
any  of  the  waste  packages,  a  goal  is  set  that  allows  a  limited  quantity  of 
water  (no  liquid  water  contacting  the  container  for  90  percent  of  the  pack- 
ages, and  less  than  5  L  per  package  per  year  for  remaining  10  percent  of  the 
packages)  to  contact  all  the  packages  in  the  repository  in  a  time-distributed 
manner. 

The  radionuclide  inventory  of  the  waste  at  300  yr  after  closure  is 
dominated  by  the  actinides,  which  account  for  about  95  percent  of  the  total 
radioactivity.  At  1,000  yr  after  closure,  the  total  inventory  is  one-half 
that  at  300  yr.   The  contribution  of  americium  and  plutonium  isotopes  to  the 
total  rises  from  about  93  percent  at  300  yr  to  about  97  percent  at  1,000  yr. 
By  300  yr  after  closure,  the  makeup  of  the  dominant  radionuclides  in  the  gap 
and  grain  boundary  inventory  has  changed  significantly  from  earlier  times; 
the  contribution  of  Tc-99  to  the  fraction  available  for  rapid  release  is 
comparable  to  that  of  cesium  and  strontium  at  300  yr,  and  becomes  the  domi- 
nant radioactivity  in  this  fraction  by  1,000  yr  at  which  time  it  comprises 
about  750  parts  in  100,000  of  the  total  inventory. 

Fuel  temperatures  are  expected  to  drop  to  values  at  which  oxidation  of 
U02  proceeds  quite  slowly.  Nevertheless,  significant  oxidation  may  occur  in 
fuel  that  experiences  cladding  failure  at  temperatures  well  above  the  boiling 
point  of  water  during  this  700-yr  period. 

Unlike  the  other  radionuclides  present  in  significant  quantity  between 
300  and  1,000  yr  after  closure,  C-14  can  be  released  as  a  14C02  gas  without 
requiring  liquid  water  to  contact  the  waste.   The  available  data,  however, 
indicate  that  less  than  1  percent  of  the  C-14  inventory  is  readily  available 
for  rapid  release  in  this  manner  at  elevated  temperatures,  and  smaller 
releases  are  expected  at  lower  temperatures. 
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The  requirements  driving  the  performance  goal  set  for  this  period  can  be 
summarized  as  follows: 

1.  Limit  the  annual  release  of  actinides,  particularly  americium  and 
plutonium. 

2.  Limit  the  annual  release  of  gap  and  grain  boundary  elements  (e.g., 
Tc)  . 

3.  Limit  the  annual  release  of  C-14  as  14C02. 

4.  Limit  the  amount  of  oxidized  fuel  to  less  than  2  percent  of  the 
total  amount  of  fuel. 

The  first  requirement  is  met  by  a  combination  of  the  goal  for  container 
failure  (less  than  0.1  percent  per  year),  the  goal  for  the  quantity  of  water 
that  is  allowed  to  contact  a  waste  package  (less  than  5  L  per  year) ,  and  the 
low  solubility  of  these  elements  in  ground  water  of  the  expected  pH  and 
composition. 

The  second  requirement  is  met  by  a  combination  of  the  goal  for  container 
failure,  the  goal  for  the  fraction  of  these  elements  available  for  rapid 
release  from  unoxidized  fuel,  the  number  of  packages  initially  contacted  by 
Liquid  water,  and  the  limit  on  the  amount  of  oxidized  fuel  given  in  the 
fourth  requirement.   Release  of  the  fraction  of  these  elements  not  located  in 
:he  pellet-cladding  gap  or  on  grain  boundaries  is  controlled  by  the  goal  of 
Less  than  1  x  10~2  fractional  release  for  the  gap  and  grain  boundary  elements 
:hat  are  located  in  the  U02  matrix  and  the  above  noted  goals.   It  is  believed 
;hat  this  achievable. 

The  third  requirement  is  met  by  the  combined  goals  for  container  failure 
ind  the  quantity  of  C-14  that  is  available  for  rapid  gaseous  release. 

The  final  requirement  is  met,  as  in  previous  time  periods,  by  the  goal 
or  the  fraction  of  cladding  that  is  allowed  to  fail  at  high  temperature 
dry)  . 

Performance  parameter  goals  for  the  containment  period.   The  following 
n ections  present  more  details  on  the  performance  allocated  to  each  system 
« lement  and  the  justification  for  the  goals  set  for  these  allocations.   In 
instances  where  the  supporting  information  or  activities  for  an  allocation 
i.  re  drawn  from  another  issue,  that  information  is  not  repeated  here, 
instead,  a  brief  summary  of  that  material  is  given  together  with  a  reference 
to  the  appropriate  section  of  the  SCP. 

Performance  parameters  goals  for  the  engineered  environment.   As  indi- 
cated in  Table  8.3.5.9-1,  performance  measures  and  goals  are  set  for  both  the 
'quantity  and  quality  of  water  than  can  contact  a  waste  package  during  the 
containment  period.   Performance  parameters  and  goals  for  water  quality  are 
given  in  Table  8.3.5.9-2. 

The  quantity  of  water  that  contacts  a  waste  package  will  affect  the 
ijgradation  rates  of  both  the  container  and  the  spent  fuel  cladding.  In 
Hdition,  with  the  exception  of  Kr-85  and  C-14,  significant  release  of 

8.3.5.9-29 


DECEMBER  1988 

radionuclides  from  a  package  requires  the  mediation  of  liquid  water.   The 
expected  case  under  anticipated  conditions  is  that  no  liquid  water  will 
contact  the  waste  packages  during  the  entire  containment  period  and  beyond. 
Nevertheless,  the  goal  for  the  quality  of  water  that  can  contact  a  waste 
package  is  set  to  be  none  for  95  percent  of  the  packages  and  less  than  5  L 
per  package  per  year  for  the  remaining  5  percent  of  the  packages  during  the 
first  300  yr  after  closure.   The  corresponding  goal  for  years  300  to  1,000 
after  closure  is  less  than  5  L  per  package  per  year  for  10  percent  of  the 
packages  and  no  water  for  the  remaining  90  percent.   These  goals  parallel 
those  set  in  Issue  1.10,  waste  package  characteristics  (postclosure)  (see 
discussion  of  design  envelope  in  Section  8.3.4.2),  where  the  basis  for 
selecting  the  goal  and  the  parameters  and  models  that  will  be  used  to  demon- 
strate that  the  goal  has  been  met  are  discussed  in  more  detail. 

In  addition  to  goals  for  the  total  quantity  of  water  that  can  contact 
the  waste  packages,  goals  have  been  set  for  the  rate  at  which  the  ensemble  of 
packages  is  initially  contacted  by  liquid  water.  As  stated  in  Ta- 
ble 8.3.5.9-1,  the  goal  for  this  process  is  to  allow  no  more  than  1  percent 
of  all  the  emplacement  hole  walls  in  the  repository  to  fall  below  the  boiling 
temperature  of  water  in  a  single  year,  subject  to  the  restrictions  on  the 
total  number  of  packages  allowed  to  be  contacted  by  water  at  a  given  time. 
This  goal  is  selected  in  order  to  spread  out  in  time  the  potential  release  of 
the  readily  soluble,  gap  and  grain  boundary  radionuclides.   The  assumption 
that  release  of  radioactivity  from  a  failed  container  via  aqueous  transport 
could  occur  as  soon  as  the  package  falls  below  the  boiling  point  is  extremely 
conservative.   This  assumption  does  not  consider  the  fact  that  though  the 
borehole  wall  might  be  below  the  boiling  point,  the  container  and  the  waste 
within  the  container  might  not  necessarily  be  below  the  boiling  point.   Thus, 
even  though  liquid  water  might  exist  at  the  borehole  wall,  it  is  not 
necessarily  available  to  contact  or  enter  the  container.   In  addition,  any 
water  that  enters  the  container  might  be  vaporized  and  would  then  not  be 
available  for  liquid  transport  of  radioactivity.   Further,  once  the 
temperature  of  the  waste  falls  below  the  boiling  point,  it  might  take  a 
considerable  amount  of  time  for  water  to  accumulate  within  a  container  to  the 
level  of  the  breach.  Alternatively,  if  the  breach  is  in  a  position  to  allow 
immediate  drainage,  the  water  would  have  limited  contact  time  with  the  waste. 

The  chemistry  of  the  water  that  can  contact  either  the  container  or  the 
waste  can  have  a  large  effect  on  the  performance  of  these  materials.   For 
instance,  as  is  discussed  in  a  later  section,  the  corrosion  behavior  of  the 
austenitic  alloys  under  consideration  is  sensitive  to  the  chloride  content  of 
the  water  with  which  they  come  in  contact.   Thus,  goals  are  set  for  the 
composition  of  the  water  contacting  the  waste  packages  so  that  the  water  will 
be  similar  to  that  currently  thought  to  exist  within  the  undisturbed 
environment  in  the  unsaturated  Tonopah  Spring  tuff  at  Yucca  Mountain.  The 
detailed  constraints  are  given  in  Table  8.3.5.9-2,  and  the  characterization 
goals  for  water  chemistry  to  be  achieved  during  site  characterization  are 
given  in  Issue  1.10  (Section  8.3.4.2).   Section  8.3.4.2  also  provides  the 
rationale  for  the  selection  of  the  goals  listed  in  Table  8.3.5.9-2.   The  test 
and  analyses  to  provide  for  the  characterization  of  the  water  will  be  done 
under  Characterization  Program  8.3.1.3  (geochemistry)  and  Design  Issue  1.10 
(Section  8.3.4.2)  and  are  not  repeated  here. 
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The  method  by  which  water  is  delivered  to  a  waste  package  can  affect 
both  the  corrosion  rate  and  mechanism.  Water  that  drips  from  a  fracture  onto 
a  hot  container  surface  might  evaporate,  leaving  behind  a  residue  of  salts. 
These  salts  might  accumulate  and  be  dissolved  in  a  later  water  flow,  thereby 
creating  small  volumes  of  solutions  with  higher  ionic  strength  than  that 
given  in  Table  8.3.5.9-2  and  discussed  in  the  preceding  paragraph.  A  charac- 
terization goal  for  the  water  flow  mechanism  has  thus  been  set  to  determine 
whether  dripping  of  water  from  fractures  is  likely  under  anticipated  condi- 
tions.  If  it  is  likely,  then  the  fraction  of  waste  packages  for  which  it 
will  occur  will  be  estimated.   The  activities  dealing  with  this  flow  mech- 
anism are  described  in  Issue  1.10  (Section  8.3.4.2.4.3). 

Performance  parameter  goals  for  the  waste  forms.  As  indicated  in  Ta- 
ble 8.3.5.9-1,  a  performance  measure  and  goal  has  been  set  for  the  waste  form 
during  the  containment  period.  The  performance  parameters  and  goals  for  this 
measure  are  given  in  Table  8.3.5.9-3. 

The  performance  measure  is  based  on  the  design  objective  of  controlling 
the  release  of  radionuclides  from  the  ensemble  of  waste  packages  during  the 
containment  period  to  a  small  fraction  of  the  radionuclide  inventory  present. 
The  goal  for  the  measure  is  expressed  in  terms  of  the  allowed  release  from 
:he  ensemble  of  failed  waste  packages  for  the  periods  0  to  300  yr  and  300  to 
.1,000  yr  after  closure.   The  different  numerical  goals  for  these  two  periods 
reflect  the  increasing  uncertainty  in  predicting  the  number  of  failed  con- 
:ainers  and  the  changing  environmental  conditions  as  a  function  of  time. 

Because  of  the  difference  in  behavior  of  the  glass  and  spent  fuel  waste 
iorms,  different  performance  parameters  are  assigned  to  them  (Ta- 
)le  8.3.5.9-3).   Because  only  one  mechanism  exists  for  release  from  the  glass 
;aste  form  (agueous  dissolution  of  the  waste  glass)  ,  only  one  parameter  is 
jiven  for  the  glass  waste  form:  the  fraction  of  the  inventory  of  a  glass- 
:ontaining  waste  package  in  the  effluent  from  such  a  package  per  year.  A 
.arger  number  of  parameters  are  assigned  to  the  spent  fuel  waste  form  because 
>f  the  larger  number  of  release  modes  possible  for  it.   The  different  release 
nodes  possible  for  the  spent  fuel  waste  form  arise  from  the  fact  that  it  is  a 
.  .eterogeneous  material,  consisting  of  several  radionuclide-bearing  components 

cladding,  assembly  hardware,  fuel,  etc.).   In  addition,  different  radionu- 
clides may  be  released  from  a  single  component  by  different  mechanisms  (e.g., 
■<  aseous  release  of  Kr-85,  rapid  release  of  the  gap  and  grain  boundary 
inventory  and  release  via  dissolution  of  the  U02  matrix).   In  contrast  to 
this,  the  glass  waste  form  is  a  relatively  homogeneous  material.   It  must  be 
i oted  that  the  complexity  of  the  description  of  the  spent  fuel  waste  form 
'implies  neither  the  superiority  nor  inferiority  of  the  material  in  terms  of 
the  ultimate  performance  that  will  be  demonstrated. 

Glass  waste  form.   The  numerical  goals  for  the  glass  waste  form 
F2rformance  parameter  (Table  8.3.5.9-3)  are  set  so  that  the  glass  waste  is 
r.Dt  allowed  to  release  more  than  its  pro  rata  fraction  of  the  repository 
jiiventory  of  radionuclides.   The  goals  differ  for  the  pre-300-yr  and 
pDst-300-yr  time  periods  because  of  the  goal  for  a  smaller  number  of  wetted 
"jntainers  and  a  smaller  number  of  failed  containers  in  the  first  300  yr 
a  iter  closure. 
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The  glass  performance  parameter  goal  is  very  similar  to  the  performance 
parameter  goal  set  for  the  controlled  release  period  under  Issue  1.5  (Sec- 
tion 8.3.5.10).   However,  the  small  number  of  failed  containers,  because  of 
the  primary  emphasis  on  design  to  attain  total  containment  for  the  duration 
of  the  containment  period,  results  in  a  net  release  rate  substantially  lower 
than  the  performance  goal  for  the  postcontainment  period. 

The  tests,  analyses,  models,  and  model  inputs  that  will  be  used  to  show 
that  the  goals  for  the  glass  waste  have  been  met  are  the  same  as  those  used 
to  resolve  Issue  1.5  and  are  not  repeated  here.  Detailed  discussion  of  these 
items  may  be  found  under  Issue  1.5  (Section  8.3.5.10). 

Spent  fuel  waste  form.   Performance  parameters  are  defined  and  goals 
set  for  several  components  of  the  spent  fuel  waste  form  in  Table  8.3.5.9-3. 
Specific  performance  is  assigned  to  the  cladding,  the  gaseous  release 
behavior  of  C-14,  the  fraction  of  the  inventory  of  gap  and  grain  boundary 
radionuclides  available  for  rapid  release,  the  solubility  of  actinides,  and 
the  reaction  rate  of  the  U02  matrix.  Each  of  these  are  discussed  in  the 
following  paragraphs. 

Performance  measure  for  cladding.   Performance  is  assigned  to  the 
cladding  in  order  to  limit  the  oxidation  of  the  U02  at  high  temperatures 
throughout  the  containment  period,  and  to  control  the  release  of  gaseous 
Kr-85  during  the  first  100  yr  of  the  containment  period.   Cladding  is  also 
assigned  performance  in  order  to  limit  the  release  of  gap  and  grain  boundary 
radionuclides  in  the  first  300  yr  after  closure.   Different  parameter  goals 
for  the  allowed  fraction  of  failed  cladding  have  been  set  for  the  three  dif- 
ferent time  periods  of  the  containment  period.  A  goal  of  less  than  2  percent 
failed  cladding  in  failed  containers  is  assigned  to  the  first  100  yr  after 
closure.  A  small  fraction  of  the  cladding  will  have  failed  during  reactor 
service  or  during  storage  and  handling  before  emplacement  in  the  repository. 
It  is  expected  that  less  than  0.5  percent  of  the  cladding  will  fall  into  this 
category.  The  remaining  fraction  of  failed  cladding  allows  for  the  unavoid- 
able uncertainty  in  the  fraction  of  as-received  failed  cladding  and  allows 
for  the  occurrence  of  additional  failures  after  emplacement.  As  previously 
discussed,  the  majority  of  the  waste  packages  are  expected  to  remain  dry 
during  the  first  100  yr  after  closure.  In  the  absence  of  liguid  water,  the 
only  mechanism  for  causing  cladding  failure  is  that  of  stress  rupture.   If 
the  cladding  on  a  fuel  rod  is  to  fail  by  this  mechanism  it  will  most  likely 
do  so  at  early  times,  when  the  fuel  temperatures  are  highest  and  therefore 
the  internal  pressure  in  the  fuel  rod  is  highest.   The  available  data  on  this 
failure  mechanism  suggest  that  it  will  not  be  an  important  factor  in  limiting 
the  life  of  cladding  provided  the  design  goals  on  peak  cladding  temperature 
are  met  (Section  7.2.1.3.3).   Hydride  reorientation  in  the  cladding  has  the 
potential  for  reducing  cladding  strength  and  thus  decreasing  its  ability  to 
resist  stress  rupture;  however,  data  on  the  extent  to  which  this  process 
occurs  imply  that  it  will  not  be  a  significant  factor  in  causing  cladding 
failure  in  the  repository.   The  goal  of  less  than  2  percent  cladding  failures 
in  the  first  100  yr  is  thus  judged  to  be  achievable. 

Goals  of  less  than  5  percent  total  failed  cladding  and  less  than  2  per- 
cent "dry"  cladding  failures  (in  failed  containers)  are  set  for  the  period 
100  to  300  yr  after  closure.  A  distinction  is  made  between  "dry"  and  "wet" 
cladding  for  two  reasons:   (1)  once  the  fuel  has  cooled  below  the  boiling 
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point  of  water,  it  will  no  longer  oxidize  at  a  rate  sufficient  to  degrade  its 
performance  significantly,  and  the  cladding  has  therefore  fulfilled  its 
primary  purpose;  and  (2)  once  the  cladding  comes  in  contact  with  liguid 
tfater,  additional  mechanisms  for  failure,  such  as  stress  corrosion  cracking, 
become  possible.   The  limit  on  2  percent  dry .cladding  failures  in  failed 
:ontainers  limits  the  amount  of  oxidized  fuel,  a  limit  that  is  necessary  to 
ensure  the  performance  of  the  fuel  at  later  times.   Since  few  additional 
:ladding  failures  by  stress  rupture  are  expected  to  occur  after  the  temp- 
erature peak  in  the  first  100  yr  after  closure  (or  during  the  preclosure 
period),  the  goal  of  2  percent  dry  failures  at  300  yr  should  be  achievable, 
rhe  limit  of  5  percent  on  the  total  number  of  failed  fuel  rods  at  300  yr  was 
:hosen  to  help  limit  the  release  of  gap  and  grain  boundary  radionuclides 
luring  the  first  300  yr  after  closure.   The  larger  allowance  given  to  the 
:otal  number  of  failures  versus  dry  failures  reflects  the  possibility  that 
some  of  the  cladding  may  be  contacted  by  liguid  water  during  this  period, 
tote  that  the  packages  whose  temperatures  fall  below  the  boiling  point  and 
lave  the  potential  to  become  wet  will  be  those  that  have  a  low  radionuclide 
.nventory,  specifically  the  short-lived  fission  products  Cs-137,  Sr-90,  and 
:heir  daughter  products.   Since  a  primary  concern  during  this  time  is  to 
:ontrol  the  release  of  these  radionuclides,  the  assumption  that  the  cladding 
failures  and  the  inventory  in  wet  packages  are  randomly  distributed  is  a 
:onservative  one. 

After  300  yr  postclosure,  the  performance  reguirement  of  less  than 
■0  percent  total  failures  is  placed  on  the  cladding;  subject  to  the  con- 
straint that  no  more  than  2  percent  of  the  cladding  is  allowed  to  have  failed 
■hen  it  is  above  the  boiling  point  of  water.   This  constraint,  as  discussed 
bove,  is  imposed  to  ensure  that  no  more  than  1  percent  of  the  fuel  in  the 
epository  becomes  significantly  oxidized. 

The  tests,  analyses,  models,  and  model  inputs  that  will  be  used  to 
:  emonstrate  that  the  goals  on  cladding  failures  have  been  met  are  discussed 
:n  detail  under  Issue  1.5  (Section  8.3.5.10),  where  they  are  grouped  together 
i  ith  the  other  waste  form  characterization,  testing,  and  modeling  activities, 
'hat  section  also  discusses  the  work  planned  for  characterizing  the  oxidation 
late  of  spent  fuel  and  the  effect  of  oxidation  on  the  release  of  radionu- 
clides.  The  reader  is  referred  to  that  section  for  further  information  on 
these  topics. 

Performance  measure  for  gap  and  grain  boundary  inventory  rapid 
Release.  During  reactor  operation  a  fraction  of  certain  volatile  fission 
products  that  are  not  soluble  in  the  the  U02  matrix  can  migrate  to  the 
f allet-cladding  gap  or  grain  boundaries,  where  they  are  available  for  rapid 
islease  upon  contact  with  water.   Included  in  this  group  are  the  elements 
,C2sium,  iodine,  and  to  a  lesser  extent,  strontium  and  technetium.  As  dis- 
cussed in  a  preceding  section,  these  nuclides  dominate  the  radioactivity 
"  iventory  of  the  fuel  during  the  first  200  to  300  yr  after  closure.   Control 
p/er  their  release  is  therefore  a  primary  concern  if  the  containment  design 
}jectives  are  to  be  met.   In  unoxidized  fuel,  the  fraction  of  the  inventory 
.  these  radionuclides  that  is  in  the  gap  and  grain  boundary  (  as  opposed  to 
remaining  within  the  U02  matrix)  appears  to  be  approximately  egual  to  the 
fraction  of  fission  gases  released  from  the  fuel  (the  fission  gas  release). 
I:   is  expected  that,  on  average,  the  fission  gas  release  of  the  fuel  emplaced 
i- 1  the  repository  will  be  less  than  1  to  2  percent;  hence,  a  performance 
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parameter  goal  has  been  set  that  specifies  that  less  than  2  percent  of  the 
inventory  of  these  radionuclides  will  be  available  for  rapid  release  in 
unoxidized  fuel.  This  goal  applies  to  both  solid  and  gaseous  radionuclides 
present  in  the  pellet-cladding  gap  or  on  grain  boundaries.   For  the  purpose 
of  setting  goals,  it  has  been  assumed  that  once  the  fuel  becomes  oxidized, 
the  entire  inventory  of  fission  gas  and  gap  and  grain  boundary  elements  is 
available  for  rapid  release.   This  is  a  conservative  assumption  because 
oxidation  of  the  fuel  is  not  a  simple  one-step  process.   During  oxidation, 
U02  progresses  through  several  intermediate  phases  (U409,  U307,  U308,  then 
U03)  and  it  is  expected  that  much  of  the  fuel  will  not  become  fully  oxidized. 
It  appears  that  gross  redistribution  of  the  fission  products  does  not  occur 
until  the  U308  stage  of  oxidation  is  reached;  therefore,  only  in  fuel  that  is 
oxidized  to  this  stage  will  the  entire  inventory  of  gap  and  grain  boundary 
elements  be  available  for  rapid  release.  Demonstration  that  the  goal  set  for 
the  rapid  release  fraction  of  the  gap  and  grain  boundary  elements  has  been 
achieved  will  be  done  under  Issue  1.5  (Section  8.3.5.10). 

Performance  measure  for  carbon-14  rapid  release.   Carbon-14  is 
present  in  the  spent  fuel  waste  form  both  in  the  fuel  and  on  or  near  the 
exterior  surfaces  of  the  fuel  cladding  and  assembly  hardware.  A  fraction  of 
C-14  can  be  released  rapidly  as  14C02  when  air  contacts  the  waste  form  at 
elevated  temperatures.   The  presence  of  liguid  water  is  not  necessary  for 
this  release  to  occur.  A  goal  has  been  set  that  would  limit  the  release  of 
C-14  in  this  way  to  less  than  1  percent  of  the  inventory  of  this  radionuclide 
in  spent  fuel  at  elevated  temperatures.   The  limited  data  in  hand  suggest 
that  less  than  0.3  percent  of  the  C-14  is  available  for  rapid  release  as 
14C02.   Release  at  lower  temperatures  is  expected  to  be  smaller. 
Demonstration  that  these  goals  have  been  met  will  be  done  under  Issue  1.5 
(Section  8.3.5.10) . 

Performance  measure  for  actinide  solubility.   Goals  have  been  set 
for  the  solubility  of  the  elements  plutonium,  americium,  and  uranium.   These 
elements  constitute  about  95  percent  of  the  radioactivity  in  the  spent  fuel 
waste  form  after  300  yr  postclosure.   Goals  were  chosen  to  limit  the  release 
of  these  radionuclides  based  on  very  conservative  values  of  solubility 
obtained  from  spent  fuel  dissolution  experiments.   The  numeric  values  given 
in  Table  8.3.5.9-3  are  expressed  in  terms  of  a  package  inventory  per  liter  of 
water  and  take  into  account  both  the  goals  on  water  guality  and  quantity  and 
the  number  of  container  failures.   Though  the  intermediate  goal  of  limiting 
release  of  these  elements  remains  the  same,  different  numeric  values  are 
given  for  the  time  periods  before  and  after  300  yr  postclosure.   The 
difference  arises  because  of  the  different  number  of  container  failures  and 
amount  of  liquid  water  available  during  these  time  periods.  The  concentra- 
tions of  americium  and  plutonium  will  be  limited  to  extremely  low  levels  in 
ground  water  of  the  expected  composition  by  the  precipitation  of  phases 
containing  these  elements  and  current  data  indicate  that  this  goal  can  be 
achieved.  The  tests,  analyses,  models,  and  model  inputs  used  to  demonstrate 
that  the  goal  has  been  met  will  be  conducted  under  Issue  1.5  and  are  not 
repeated  here.  The  reader  is  referred  to  Section  8.3.5.10  for  a  detailed 
discussion  of  these  topics. 

Performance  measure  for  the  release  of  other  radionuclides.  The 
final  performance  parameter  for  the  spent  fuel  waste  form  is  the  fractional 
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:elease  of  all  radionuclides  that  are  not  accounted  for  by  the  other  param- 
iters.  This  category  ; icludes  the  remaining  fraction  of  gap  and  grain  bound- 
try  elements  that  are  present  in  the  U02  matrix,  other  fission  products, 
ictivation  products  that  are  present  in  the  fuel,  cladding  and  hardware,  and 
.he  other  actinides  and  their  intermediate  decay  products.   The  solution 
:oncentration  of  some  of  these  elements  is  expected  to  be  limited  by  their 
:olubility  (e.g.,  zirconium,  tin,  nickel)  but  a  significant  portion  of  the 
.nventory  will  not  be  so  limited  (e.g.,  technetium).  As  before,  different 
lumerical  goals  are  assigned  for  the  periods  0  to  300  yr  and  300  to  1,000  yr 
ifter  closure  because  of  the  changing  goals  on  water  availability  and  number 
»f  container  failures,  as  well  as  the  changing  composition  of  the  radio- 
tuclide  inventory. 

The  release  of  other  radionuclides  from  the  fuel  itself  will  be  governed 
y  the  reaction  rate  of  the  U02  matrix  and  the  availability  of  water.   For 
hose  nuclides  that  are  not  limited  by  their  solubility  to  solution  concen- 
rations  corresponding  to  fractional  releases  lower  than  the  goals  set  for 
his  parameter,  it  will  be  demonstrated  that  their  release  is  controlled  to 
he  specified  limits  by  a  combination  of  the  reaction  rate  of  the  U02  and  the 
imits  on  the  availability  of  water. 

Release  of  radionuclides  other  than  C-14  from  nonfuel  components 
:cladding  and  assembly  hardware)  will  be  governed  by  the  generalized  cor- 
osion  rate  of  the  materials  involved.  As  in  the  instance  of  radionuclides 
-eleased  from  the  fuel  itself,  many  of  the  elements  released  from  these 
ources  will  be  limited  by  their  solubility.   Those  that  are  not  will  be 
hown  to  have  release  fractions  lower  than  that  specified  by  the  parameter 
oals. 

The  tests,  analyses,  models,  and  model  inputs  used  to  demonstrate  that 
ne  goal  for  the  release  of  other  radionuclides  from  the  spent  fuel  waste 
:Drm  has  been  met  will  be  conducted  under  Issue  1.5.   The  reader  is  referred 
:d  Section  8.3.5.10  for  a  detailed  discussion  of  these  topics. 

Performance  parameter  goals  for  the  container.   The  performance  measure 
iLlocated  to  the  container  in  Table  8.3.5.9-1  is  the  fraction  of  containers 
:iat  have  failed.   The  performance  goal  is  divided  into  two  time  intervals  as 
:  allows: 

1.  For  the  first  300  yr  after  repository  closure,  less  than  0.05  per- 
cent per  year  of  the  total  population  of  emplaced  containers  will 
fail.  A  failed  container  is  defined  as  one  with  a  defect  suffi- 
ciently large  to  sustain  an  air  flow  of  1  x  10"4  atm-cm3/s.   This 
test  is  a  general  standard  accepted  by  the  nuclear  industry.   (This 
flow  rate  is  the  same  numerical  value  as  the  ASME  leak  tightness 
test  described  in  ASME  Section  V,  Article  10,  Appendix  IV,  1986 
Edition.) 

2.  For  the  interval  from  300  to  1,000  yr  after  repository  closure,  less 
than  0.1  percent  per  year  of  the  total  population  of  emplaced 
containers  will  fail.  The  same  definition  of  a  failed  container 
applies  in  this  time  period. 
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This  performance  measure  must  be  further  divided  to  assign  meaningful 
performance  parameters  and  goals  for  those  parameters.   The  division  is  along 
two  lines:   container  material  type  and  degradation  modes.   The  container 
material  has  not  yet  been  selected.  Materials  from  two  separate  alloy  fami- 
lies are  under  consideration.   This  is  reflected  in  Figure  8.3.5.9-3  (model 
hierarchy)  by  the  division  of  the  container  degradation  model  into  the 
copper-based  and  austenitic  alloy  families.  An  alternate  materials/concepts 
effort  is  being  pursued  concurrently.   The  reader  is  referred  to  Sec- 
tion 8.3.5.9.1  for  a  detailed  discussion  of  these  topics.  A  performance 
measure  has  not  been  assigned  to  the  alternative  materials.   The  performance 
parameters  are  divided  into  the  two  alloy  families  because  the  degradation 
behavior  is  substantially  different  between  families  and  substantially 
similar  within  families.   The  performance  measure  is  also  divided  into 
"submeasures"  by  degradation  mode  because  different  modes  have  different 
controlling  parameters. 

Table  8.3.5.9-4  lists  the  detailed  degradation  mode  submeasures.  One  or 
more  performance  parameters  are  identified  for  each  mode.   In  each  case, 
these  performance  parameters  were  selected  because  they  were  regarded  as  the 
key  measures  for  predicting  the  container  degradation.   Some  failure  modes 
have  more  than  one  parameter  identified  because  a  combination  of  these  may  be 
employed  to  establish  the  performance.   Performance  parameter  goals  are  also 
listed.   Table  8.3.5.9-5  lists  the  model  inputs  for  each  degradation  mode.  A 
brief  explanation  of  the  performance  parameters  follows.  More  detailed 
discussion  of  the  performance  parameters  and  explanation  of  the  models  is 
deferred  to  Information  Needs  1.4.1,  1.4.2,  and  1.4.3.   (Sections  8.3.5.9.1 
through  8.3.5.9.3) . 

In  Table  8.3.5.9-4,  a  tentative  goal  is  established  for  each  performance 
parameter;  this  goal  is  established  on  the  basis  of  what  chemical,  metallur- 
gical, physical,  or  mechanical  features  of  the  container  or  the  environment 
appear  to  be  the  key  features  in  determining  performance.   The  current  esti- 
mated value,  or  range  of  values,  is  based  in  some  instances  on  measurements 
that  have  been  performed  in  the  Yucca  Mountain  Project-sponsored  work  and 
discussed  in  Section  7.4.2.   In  other  instances,  the  current  estimated  value 
is  based  on  information  from  the  technical  literature.   In  all  instances,  the 
values  indicated  as  performance  parameter  goals  are  estimates  of  points  where 
discernible  differences  in  performance  of  the  metal  container  occur.  Much  of 
the  work  outlined  under  Information  Needs  1.4.1  through  1.4.3  is  concerned 
with  establishing  "critical"  values  of  environmental,  metallurgical,  and 
mechanical  parameters  where  the  degradation  behavior  of  the  metal  barrier 
will  change  significantly  and  to  relate  these  critical  values  to  the  range  of 
conditions  that  will  occur  in  the  Yucca  Mountain  repository.  As  discussed 
under  Information  Need  1.4.2,  six  candidate  materials  in  two  major  alloy 
families  are  currently  being  evaluated  for  the  container.  A  material  selec- 
tion process  is  outlined  in  Information  Need  1.4.2.   Part  of  the  input  to  the 
selection  process  is  determining  which  degradation  modes  are  the  most  impor- 
tant and  how  the  resistance  of  each  candidate  material  to  these  degradation 
modes  should  be  weighted  in  the  selection  process.  A  further  consideration 
is  the  ability  to  model  the  various  degradation  modes.   How  accurately  the 
values  of  these  critical  environmental,  metallurgical,  or  mechanical  param- 
eters can  be  determined  may  limit  the  utility  of  the  models. 
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Table  8.3.5.9-5.   Container  degradation  model  inputs 


Model 


Model  inputs 


Needed 
confidence 


SCP  section 


COPPER-BASED  ALLOY  FAILURE  MODELS 


Metallurgical 
aging  and  phase 
stability 


Low  temperature 
oxidation 


General  aqueous 


Hydrogen  entry  and 
embrittlement 


Pitting,  crevice, 
and  other  local- 
ized attacks 


Temperature-time  projections 
Quantity  of  phase  segregation 
Mechanical  properties  of  the 

segregation  products 
Electrochemical  differences 
between  segregation 
products  and  base  metal 
Strain  in  the  container  body 
material  and  in  the  heat 
affected  zone  around  the 
closure 
Residual  stress 

Oxidation  rate 
Temperature 

Radiation  field  intensity 
Identification  and  quantity 
of  radiolysis  products 

General  corrosion  rate 
Composition  of  water 
Composition  of  corrosion 

product  layers 
Identification  and  quantity 

of  radiolysis  products 

Hydrogen  production  rate  by 

radiolysis  and  corrosion 
Hydrogen  recombination  rate 
Rate  of  hydrogen  entry  into 

the  alloy 
Concentration  of  hydrogen  in 

the  alloy 
Phase  structure  of  the  alloy 
Mechanical  property  changes 

from  hydrogen  degradation 

Critical  concentration  of 
ions  known  to  favor  these 
modes  of  attack 

Temperature 

Solution  pH 


.3.5.9-41 


High 

High 

Medium 

Medium 


Medium 


Medium 

Medium 
Medium 

High 


3.5.9.3.1.1 
3.5.9.3.1.1 
3.5.9.3.1.1 

3.5.9.3.1.1 


3.5.9.3.1.1 


Medium 

8.3.5.9.3.1.1 

High 
High 

High 
Medium 

8.3.5.9.3.1.2 
8.3.5.9.3.1.2 
8.3.5.9.3.1.2 
8.3.5.9.3.1.2 

High 

High 

Medium 

8.3.5.9.3.1.3 
8.3.5.9.3.1.3 
8.3.5.9.3.1.3 

Medium 

8.3.5.9.3.1.3 

8.3.5.9.3.1.4 

8.3.5.9.3.1.4 
8.3.5.9.3.1.4 

8.3.5.9.3.1.4 


High 
High 

8.3.5.9.3.1.4 
8.3.5.9.3.1.4 

High 

8.3.5.9.3.1.5 

High 
High 

8.3.5.9.3.1.5 
8.3.5.9.3.1.5 
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Table  8.3.5.9-5.  Container  degradation  model  inputs  (continued) 


Model 


Model  inputs 


Needed 
confidence 


SCP  section 


Pitting,  crevice, 
and  other  local- 
ized attacks 
(continued) 

Stress  corrosion 
cracking 


Other  potential 
degradation  modes 


Metal  microstructure 
Corrosion  potential 
Pitting  (and  other  critical 
potentials) 

Concentration  of  ammonia 
(and  other  species)  known 
to  favor  stress  corrosion 
cracking 

Temperature 

Stress  (and  stress 
cracking) 

Alloy  segrations 

Corrosion  potential 

Critical  potential  for  crack 
initiation 

To  be  determined 


AUSTENITIC  ALLOY  FAILURE  MODELS 


High 
High 
High 


High 


3.5.9.3.1.5 
3.5.9.3.1.5 
3.5.9.3.1.5 


3.5.9.3.1.6 


High 
Medium 

8.3.5.9.3.1.6 
8.3.5.9.3.1.6 

Medium 
High 
High 

8.3.5.9.3.1.6 
8.3.5.9.3.1.6 
8.3.5.9.3.1.6 

Not  appli- 
cable 

8.3.5.9.3.1.7 

Metallurgical 
aging  and  phase 
transformation 


Low  temperature 
oxidation 


Temperature-time  projections 

Kinetics  of  phase  transforma- 
tion reactions 

Mechanical  properties  of  the 
transformation  products 

Alloy  composition  of  the  base 
metal  and  the  weld  metal 

Strain  in  the  container  body 
material  and  in  the  heat 
affected  zone  around  the 
closure 

Residual  stress 

Oxidation  rate  loss  or  gain 
tests  under  relevant 
conditions 

Temperature 

Radiation  field  intensity 

Identification  and  quantity 
of  radiolysis  products 


High 
High 

8.3.5.9.3.2.1 
8.3.5.9.3.2.1 

Medium 

8.3.5.9.3.2.1 

High 

8.3.5.9.3.2.1 

Medium 

8.3.5.9.3.2.1 

Medium 
High 


High 
High 

Medium 


3.5.9.3.2.1 
3.5.9.3.2.2 


3.5.9.3.2.2 
3.5.9.3.2.2 
3.5.9.3.2.2 
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Table  8.3.5.9-5.   Container  degradation  model  inputs  (continued) 


Model 


Model  inputs 


Needed 
confidence 


SCP  section 


General  aqueous 
corrosion 


Intergranular 
attack  and 
intergranular 
stress  corrosion 
cracking 


hydrogen  entry  and 
embrittlement 


'itting,  crevice/ 
and  other  local- 
ized attack 


General  corrosion  rate  High  8.3.5.9.3.2.3 

Composition  of  water  High  8.3.5.9.3.2.3 

Composition  of  corrosion  Medium  8.3.5.9.3.2.3 

product  layers 

Identification  and  quantity  Medium  8.3.5.9.3.2.3 

of  radiolysis  products 

Temperature-time  projections     High     8.3.5.9.3.2.4 
Diffusion  rate  of  chromium      High     8.3.5.9.3.2.4 

in  the  metal  as  a  function 

of  temperature 
Diffusion  mechanism  for        Medium    8.3.5.9.3.2.4 

chromium  in  the  metal 
Strain  Medium    8.3.5.9.3.2.4 

Alloy  composition  High     8.3.5.9.3.2.4 

Effects  of  transformation      Medium    8.3.5.9.3.2.4 

products  on  diffusion  rates 
Composition  of  carbide  pre-     Medium    8.3.5.9.3.2.4 

cipitates  formed 
Amounts  of  sigma  and  chi       Medium    8.3.5.9.3.2.4 

phases 

Hydrogen  production  rate  by     Medium    8.3.5.9.3.2.5 

radiolysis  and  corrosion 
Hydrogen  recombination  rate     Medium    8.3.5.9.3.2.5 
Rate  of  hydrogen  entry  into     Medium    8.3.5.9.3.2.5 

the  alloy 
Concentration  of  hydrogen       High     8.3.5.9.3.2.5 

in  the  alloy 
Phase  structure  of  the  alloy     High     8.3.5.9.3.2.5 
Mechanical  property  changes      High     8.3.5.9.3.2.5 

from  hydrogen  degradation 


Critical  concentration 

of 

High 

8, 

.3 

,5. 

9 

,3, 

.2 

,6 

ions  known  to  favor 

these 

modes  of  attack 

Temperature 

High 

8, 

.3, 

,5, 

,9, 

.3, 

.2, 

,6 

Solution  pH 

High 

8 

.3, 

.5. 

:- 

,3, 

.2, 

,6 

Metal  microstructure 

Medium 

8 

.3 

,5, 

9 

.3 

.2, 

,6 

Corrosion  potential 

High 

8, 

.3, 

,5, 

,9, 

,3, 

.2, 

.6 

Pitting  potential 

High 

8 

.3, 

,5, 

,9, 

.3 

.2, 

,6 
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Table  8.3.5.9-5.   Container  degradation  model  inputs  (continued) 


Model 


Model  inputs 


Needed 
confidence 


SCP  section 


Transgranular 
stress  corrosion 
cracking 


Chloride  concentrations  of 

water 
Temperature 
Stress 

Alloy  constituents 
Other  ions  in  solutions 
Corrosion  potential 


Other  potential      To  be  determined 
degradation  modes 


High 


.3.5.9.3.2.7 


High 

8.3.5.9.3.2.7 

Medium 

8.3.5.9.3.2.7 

Medium 

8.3.5.9.3.2.7 

Medium 

8.3.5.9.3.2.7 

High 

8.3.5.9.3.2.7 

t  appli- 

8.3.5.9.3.2.8 

cable 

Many  of  the  degradation  modes  have  a  time  factor  associated  with  them, 
because  certain  conditions  must  exist  before  the  particular  degradation  mode 
can  occur.   For  example,  the  aqueous  corrosion  degradation  modes  require  the 
presence  of  an  electrolyte  on  the  metal  surface.  The  return  of  the 
unconfined  water  boiling  point  isotherm  will  occur  over  a  span  of  time  so 
that  there  will  be  a  distribution  of  the  initiation  of  aqueous  corrosion 
modes.   Similarly,  the  performance  parameter  goals  that  are  related  to 
microstructural  features  in  the  metal  (e.g.,  formation  of  brittle  phases, 
degree  of  sensitization)  are  most  often  dependent  on  time-at-temperature  to 
form  the  microstructural  feature. 

Some  abbreviated  notations  are  used  in  Table  8.3.5.9-4  for  simplicity  in 
the  entries.   These  are  briefly  explained  below,  along  with  some  remarks  on 
their  interpretation.   The  reader  should  refer  to  the  full  discussion  on 
models  of  degradation  modes  (Information  Need  1.4.3)  for  additional  material 
that  explains  some  of  the  interactions  between  the  chemical,  physical,  metal- 
lurgical, or  mechanical  factors.  The  following  discussion  of  the  performance 
parameters  is  arranged  by  failure  mode.   In  some  cases,  the  discussion 
applies  to  both  alloy  families;  in  other  cases,  the  remark  is  specific  to 
only  one  family  (and  sometimes  just  to  one  metal  or  alloy  in  that  family) . 

Metallurgical  and  mechanical  effects.  Under  these  effects  in  Ta- 
ble 8.3.5.9-4,  for  both  the  copper-based  and  austenitic  materials,  reduction 
in  fracture  toughness  is  indicated  by  the  ratio  J(emb)/J,  where  J  is  the 
normal  impact  strength  and  J(emb)  is  the  impact  strength  of  the  embrittled 
material.  Other  indices  of  degraded  mechanical  properties  affecting 
ductility  or  toughness  may  also  be  applied.   For  the  austenitic  materials, 
formation  of  sigma  phase  was  used  as  the  standard  for  establishing  a  critical 
value  for  loss  in  fracture  toughness.  A  similar  value  is  specified  for 
copper-based  materials.   The  likely  embrittling  species  in  copper  and  copper- 
based  alloys  are  residual  impurities,  such  as  arsenic,  selenium,  and  lead, 
that  precipitate  at  grain  boundaries.   In  some  cases,  oxide  or  other 
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inclusions  could  be  the  source  of  the  embrittlement .  These  effects  may  be 
addressed  by  determining  an  appropriate  specification  on  these  residuals  and 
inspection  of  the  container  material.   Similarly  for  the  austenitic 
materials,  sigma  (and  other  brittle)  phase  formation  during  fabrication  can 
be  detected  as  part  of  the  container  acceptance  criteria.   However,  the 
concern  here  is  formation  of  sigma  phase  if  the  appropriate  metallurgical, 
strain,  and  time-at -temperature  conditions  are  present  after  emplacement. 

Oxidation  and  general  aqueous  corrosion.   The  entries  in  Ta- 
ble 8.3.5.9-4  on  oxidation  and  general  aqueous  corrosion  for  both  alloy 
systems  express  the  time-average  rate  over  a  1,000-yr  period  being  such  that 
90  percent  or  more  of  the  initial  container  thickness  remains  at  all  times  up 
to  1,000  yr.   The  container  thickness  is  considered  a  variable  with  the  range 
of  approximately  one  to  three  centimeters.   For  the  purpose  of  this  issue  and 
information  need,  this  range  of  container  thicknesses  allows  (1)  some  options 
in  the  waste  package  design,  (2)  some  options  in  processes  for  fabricating 
containers,  (3)  lower  strength  materials  (such  as  high  purity  copper)  to  be 
accommodated,  and  (4)  a  somewhat  higher  oxidation-general  corrosion  rate  for 
copper  under  some  environmental  conditions. 

Hydrogen  effects.   In  Table  8.3.5.9-4,  these  effects  are  indicated 
by  the  performance  parameters  relating  to  the  amount  of  hydrogen  absorbed  by 
the  metal.   In  most  cases,  hydrogen  is  preferentially  absorbed  and  "trapped" 
by  or  associated  with  a  particular  microstructural  constituent.   In  the 
instance  of  the  metastable  austenitic  stainless  steels,  austenite  transforma- 
tion to  martensite  is  the  key  to  inducing  a  condition  that  may  lead  to  hydro- 
gen embrittlement.   In  the  case  of  high  purity  copper  (CDA  102),  oxygen 
pickup  during  welding  or  hot  forming  may  form  copper  oxide  inclusions  that 
are  unstable  in  a  hydrogen-containing  environment,  resulting  in  blistering  of 
:he  copper.   The  parameter  goal  is  set  such  that  the  hydrogen  content  in  the 
netal  should  be  less  than  0 . 1  of  the  "critical"  hydrogen  content,  but  in  both 
alloy  families  that  amount  is  not  yet  determined. 

Intergranular  attack  and  intergranular  stress  corrosion  cracking, 
"or  these  effects  on  austenitic  materials,  the  performance  parameter  in  Ta- 
5le  8.3.5.9-4  is  the  degree  of  sensitization.   (There  is  no  corresponding 
sensitization  phenomena  in  copper-based  materials) .   There  are  a  number  of 
fays  to  define  "degree  of  sensitization",  but  the  one  chosen  here  relates  to 
he  activation  ratio  as  determined  in  an  electrochemical  potentiokinetic 
eactivation  (EPR)  test.   The  activation  ratio  relates  to  the  electrochemical 
urrent  required  to  "activate"  a  previously  passivated  specimen.  The 
ctivation  ratio  is  proportional  to  the  degree  of  sensitization;  the  EPR  test 
s  particularly  useful  in  discerning  degrees  of  sensitization  in  low-carbon 
ustenitic  materials  where  only  a  fraction  of  the  grain  boundaries  are 
ttacked  electrochemically .   For  intergranular  stress  corrosion  cracking  of 
he  austenitic  materials,  the  stress  intensity  factor  (K)  can  also  be  used  as 
n  additional  performance  parameter.   However,  there  are  some  difficulties 
ssociated  with  using  K  for  this  (and  all  the  other  stress  corrosion 
racking)  modes (s).   First,  all  of  the  candidate  materials  are  normally  very 
uctile  materials  so  that  there  is  the  question  of  how  to  incorporate  the 
lasticity  contribution.   Second,  the  parameter  goal  that  K  be  below  the 
(SCC)  (the  critical  value  of  K  at  which  stress  corrosion  cracking  takes 
] lace)  is  sometimes  difficult  to  show  experimentally  because  stresses  vary 
i idely  over  small  distances  between  the  weld  and  the  base  metal  and  because 
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of  the  uncertainty  in  detecting  the  magnitude  and  distribution  of  all  flaws. 
Hence,  the  current  estimated  range  of  K  is  quite  large. 

Localized  attack.   For  localized  attack  in  both  alloy  systems,  one 
performance  parameter  is  expressed  in  Table  8.3.5.9-4  as  the  difference 
between  the  "critical"  potential,  E(crit)and  the  corrosion  potential, 
E(corr).   The  "critical"  potential  varies  according  to  several  physical, 
chemical,  and  metallurgical  quantities  (as  does  the  corrosion  potential) . 
Also,  different  critical  potentials  exist  according  to  the  particular 
localized  corrosion  phenomena  being  studied.   In  the  instance  of  copper-based 
materials,  pitting  corrosion  and  selective  leaching  (for  the  alloys  only) 
need  to  be  considered.   The  100  mV  difference  has  been  set  as  the  parameter 
goal;  this  value  is  based,  in  part,  on  previous  work  discussed  in  Chapter  7 
and  in  other  Yucca  Mountain  Project  supported  work,  and,  in  part,  what  seems 
to  be  a  reasonably  conservative  value  from  the  literature  in  comparable 
environmental  settings.   It  should  be  noted  that  the  critical  potential  will 
include  effects  of  microstructural  features  (inclusions,  second  phases, 
etc.).   No  particular  chemical  species  are  expected  to  be  present  naturally 
in  the  ground  waters  associated  with  the  Yucca  Mountain  repository  that  are 
especially  important  in  causing  localized  attack  on  copper-based  materials. 
For  the  austenitic  materials,  pitting  and  crevice  attack  need  to  be  con- 
sidered as  types  of  localized  corrosion  (selective  leaching  is  not  known  in 
these  materials) .   However,  in  the  instance  of  the  austenitic  materials, 
chloride  (and  to  a  lesser  extent,  fluoride)  ion  is  present  in  the  natural 
environment  and  is  of  paramount  concern  in  setting  one  of  the  parameter 
goals.   Therefore  a  chloride  ion  content  is  set  in  the  parameter  goal  for 
failure  of  the  container  by  localized  corrosion  (pitting  or  crevice  attack  on 
these  materials)  and  the  value  set  is  100  ppm.   This  goal  is  tentative  and 
must  be  viewed  in  the  light  of  some  controversy  because  the  chloride  ion 
threshold  for  the  initiation  of  localized  attack  will  depend  on  other  chemi- 
cal species  present  in  the  environment.   The  work  proposed  in  Information 
Need  1.4.2  has  the  purpose  of  establishing  the  value  of  critical  concentra- 
tions of  causative  ions  for  localized  attack  on  the  selected  container 
material. 

Transgranular  stress  corrosion  cracking.   For  this  effect  in  the 
austenitic  materials,  a  difference  between  the  critical  and  corrosion 
potential  is  set  as  the  performance  measure  (Table  8.3.5.9-4).   This  approach 
has  been  demonstrated  in  concentrated  chloride  solutions,  but  has  not  yet 
been  shown  to  be  valid  in  dilute  chlorides,  hence  the  "to  be  determined" 
entry  for  the  current  estimated  value.   The  100  mV  difference  has  been  taken 
as  the  parameter  goal  from  analogy  to  the  localized  corrosion  failure  mode. 
As  in  localized  corrosion,  chloride  ion  is  the  outstanding  example  of  the 
causative  species  for  initiating  transgranular  stress  corrosion  cracking 
(TGSCC) ,  and  a  critical  parameter  goal  is  set  at  50  ppm  chloride.   This 
parameter  must  also  be  considered  as  tentative  for  the  same  reasons  given 
above,  and  the  actual  threshold  will  depend  on  several  other  factors  (pH, 
temperature,  other  ions  present) .   This  threshold  is  established  with  the 
most  susceptible  candidate  material  in  mind  (AISI  304L) .   This  threshold  will 
be  less  controversial  for  the  more  resistant  candidate  material  (alloy  825) 
in  this  alloy  family.   As  in  the  discussion  of  the  intergranular  stress 
corrosion  cracking  (IGSCC)  for  the  austenitic  materials,  a  stress  intensity 
factor  (K)  is  set  as  the  third  performance  parameter.   The  comments  made  in 
that  discussion  also  apply  here. 
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Stress  corrosion  cracking.   For  copper-based  materials,  ammonia  is 
the  outstanding  causative  species  for  stress  corrosion  cracking  (Ta- 
ble 8.3.5.9-4).   (The  crack  propagation  path  is  not  distinguished  as  a  funda- 
mental characteristic  of  the  degradation  mode  as  it  is  for  the  austenitic 
alloys) .  Therefore,  an  ammonia  concentration  limit  is  set  as  one  of  the  per- 
formance parameters.   Because  ammonia  is  not  present  in  the  natural  environ- 
nent  (it  would  form  because  of  radiolysis)  and  small  amounts  of  ammonia  cause 
stress  corrosion  cracking  (SCC)  in  the  most  vulnerable  candidate  alloys  in 
this  family  (CDA  102  and  CDA  613),  a  very  low  threshold  is  set  as  the 
parameter  goal.  This  level  is  believed  to  be  the  detection  limit  (2  ppm) . 

Models  and  model  inputs 

Models,  model  inputs,  their  needed  confidence,  and  forward  references  to 
;he  information  needs  are  given  in  Table  8.3.5.9-5  for  the  different  failure 
nodes  in  each  alloy  system.   The  model  inputs  are  quantities  that  are  measur- 
able and  quantifiable.   The  needed  confidence  is  determined  by  considering 
low  measurable  the  quantities  are  and  how  important  they  are  in  establishing 
:he  model. 

interrelationships  of  information  needs 

Information  Needs  1.4.1  and  1.4.2  (Sections  8.3.5.9.1  and  8.3.5.9.2) 
fill  provide  data  to  be  used  in  the  analysis  of  container  performance  under 
repository  conditions.   The  conditions  to  be  considered  will  include  low 
probability  scenarios  (not  required  for  resolution  of  this  issue  but  needed 
:or  input  to  Issue  1.1,  Section  8.3.5.13),  as  well  as  anticipated  processes 
md  events.  Models  will  be  developed  under  Information  Need  1.4.3  (Sec- 
:ion  8.3.5.9.3)  to  allow  extrapolation  of  the  laboratory  data  to  long  times. 
?he  models  and  data  will  be  combined  in  analyses  to  be  done  under  Information 
leed  1.4.4  (Section  8.3.5.9.4)  to  provide  a  description  of  the  condition  of 
.he  container  under  anticipated  processes  and  events  for  10,000  yr  (10  CFR 
50.112  and  40  CFR  191.13),  for  low  probability  cases  for  10,000  yr,  and  for 
:xpected  conditions  for  100,000  yr  (10  CFR  960.3-1-5). 

The  issue  will  be  resolved  under  Information  Need  1.4.5  (Sec- 
•ion  8.3.5.9.5),  where  the  analyses  from  Information  Needs  1.4.4  (Sec- 
Ion  8.3.5.9.4)  and  1.5.4  (Section  8.3.5.10.4)  will  be  compared  with  the 
.nterpretation  of  substantially  complete  containment. 

The  schedule  information  for  Issue  1.4  (containment  by  waste  package)  is 
presented,  in  Section  8.3.5.9.6. 


'.3.5.9.1  Information  Need  1.4.1:  Waste  package  design  features  that  affect 
the  performance  of  the  container 

'■  echnical  basis  for  addressing  the  information  need 

This  information  need  addresses  the  important  features  of  the  waste 
I ackage  design  that  affect  the  performance  of  the  container.   Under  this 
information  need,  the  as-fabricated  and  as-assembled  waste  package  is  first 
characterized  with  respect  to  ensuring  the  integrity  of  the  as-emplaced 
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container.  A  close  relationship  also  exists  between  certain  design  param- 
eters, the  manufacturing  processes  by  which  the  container  is  fabricated  and 
closed,  and  the  ultimate  performance  of  the  container  in  the  preclosure  and 
postclosure  repository  environment.   Some  decisions  on  design  details  will, 
therefore,  depend  on  which  metal  of  the  several  candidate  materials  is 
selected  and  how  the  waste  package  is  fabricated,  assembled,  and  emplaced  in 
the  repository.   Characterization  of  the  properties  of  the  as-emplaced  con- 
tainer is  an  important  part  of  resolving  this  issue  because  many  of  these 
properties  influence  the  behavior  of  the  container  during  the  containment  and 
postcontainment  periods.   This  information  need  addresses  those  features  of 
both  the  reference  and  the  alternative  design  that  characterize  the  as- 
emplaced  package  and  that  influence  the  behavior  in  later  periods.   The 
reference  design  is  a  metal  container,  and  the  alternative  design  is  to  be 
chosen  from  one  of  the  following:  ceramic-metal  systems,  bimetallic/single 
metal  systems,  and  coatings  and  filler  systems. 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  characteristics  of  the  waste  package  are  discussed  in  Chapter  7. 
Characterization  and  description  of  the  waste  form  contents  of  the  package 
are  given  in  Section  7.4.3.   The  six  candidate  waste  package  container  mate- 
rials are  introduced  and  discussed  in  Section  7.4.2  on  the  metal  barriers. 
Representative  mechanical  properties  and  the  metallurgical  industry  standard 
composition  ranges  are  given  in  Section  7.3  for  each  candidate  material.   The 
waste  package  design  and  a  brief  discussion  on  fabrication  and  welding  (or 
other  closure)  processes  for  producing  the  waste  package  are  given  in  Sec- 
tion 7.3.   Some  aspects  of  the  repository  description  and  layout  design 
influence  this  information  need;  these  are  found  in  Chapter  6.  No  previous 
work  has  been  performed  by  the  Yucca  Mountain  Project  on  other  materials 
systems  as  container  materials;  thus,  no  discussion  of  other  materials 
systems  is  presented  in  Chapter  7. 

Parameters 

Information  needed  from  other  information  needs  includes 

1.  The  reference  and  alternative  waste  package  designs,  from  Informa- 
tion Need  1.10.2  (Section  8.3.4.2.2). 

2.  The  temperature  at  the  container  surface  and  projections  of  the 
change  in  temperature  with  time.   This  comes  from  Information 
Need  1.10.4  (Section  8.3.4.2.4)  and  is  based  on  the  thermal  power 
load  per  container  (Information  Need  1.5.1,  Section  8.3.5.10.1)  and 
the  areas  power  load  (Information  Need  1.10.3,  Section  8.3.4.2.3). 

3.  The  radiation  field  intensity  in  the  near-package  environment  and 
projections  of  its  change  with  time,  from  Information  Need  1.10.2 
(Section  8.3.4.2.2) . 

4.  Emplacement  configuration  (horizontal  or  vertical)  in  the  reposi- 
tory, from  Information  Need  1.10.3. 

5.  Thickness  of  the  metal  container,  from  Information  Need  1.10.2. 
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6.  Design  configuration  of  the  container-system  developed  under  the 
alternate  barriers  investigations  (Information  Need  1.10.2). 

7.  The  process  history  of  the  container  body  and  other  assembly  compo- 
nents (e.g.,  bottom  and  top  lids,  weld  filler  metal)  used  in  the 
assembled  and  closed  waste  package  container,  from  Information 
Need  1.10.2. 

Data  for  the  following  parameters  are  to  be  obtained: 

1.  The  candidate  container  materials.   The  six  candidate  materials  are 
classified  into  two  broad  alloy  groups:   (a)  copper  and  copper-based 
alloys  and  (b)  austenitic  materials  (iron-  and  nickel-based  alloys) . 
The  specific  candidates  in  the  first  group  are  oxygen-free  high- 
conductivity  copper  CDA  102  (UNS  C10200) ,  aluminum  bronze  CDA  613 

(UNS  C61300),  and  70/30  copper-nickel  CDA  715  (UNS  C71500) .   The 
candidates  in  the  second  groups  are  austenitic  stainless  steel  AISI 
type  304L  (UNS  S30403) ,  austenitic  stainless  steel  AISI  type  316L 

(UNS  S31603),  and  nickel-based  austenitic  alloy  825  (UNS  N08825) . 

2.  Candidate  container  material  systems  being  evaluated  under  the 
alternate  barriers  investigations  include  ceramic-metal  systems, 
bimetallic/single  metal  systems,  and  coating  and  filler  systems. 

3.  The  mechanical  properties  of  the  container  material  in  the  as- 
emplaced  condition,  from  which  the  relative  projected  changes  of 
these  are  established  for  the  repository  preclosure,  the  contain- 
ment, and  the  post containment  periods. 

4.  The  microstructural  characteristics  of  the  container  material  in  the 
as-emplaced  condition.   Projections  of  any  changes  in  the  micro- 
structure  of  the  container  after  emplacement  (Information 

Needs  1.4.2  and  1.4.3)  are  based  on  characterization  of  the 
as-emplaced  microstructural  condition. 

5.  Certain  physical  properties  of  the  container  material  that  are  rele- 
vant to  the  waste  package  design  analysis. 

6.  The  state  of  stress  (nature,  magnitude,  and  distribution)  that 
exists  in  the  container  at  the  time  of  emplacement  and  projections 
of  the  changes  in  the  state  of  stress  after  emplacement. 

7.  The  integrity  of  the  assembled  and  closed  waste  package  container  as 
it  is  emplaced  into  the  repository.   The  integrity  of  the  closure 
weld  or  other  closure  process  is  of  special  importance. 

8.  The  surface  condition  of  the  assembled,  closed,  and  emplaced  waste 
package  container. 

9.  For  the  option  of  a  container  system  being  developed  under  the 
alternate  barriers  investigations,  a  similar  set  of  properties  and 
fabrication  characteristics. 
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10.   The  effect  of  large-scale  fabrication  on  the  metallurgical  condition 
and  resultant  performance. 

Logic 

The  container  temperature,  radiation  field,  and  state  of  stress  and  the 
expected  range  and  variation  of  these  parameters  during  the  containment  and 
postcontainment  periods  are  used  in  establishing  the  test  conditions  that  are 
part  of  the  study  areas  more  fully  discussed  under  Information  Needs  1.4.2 
and  1.4.3.   The  emphasis  of  the  present  information  need  is  characterization 
of  the  condition  of  the  container  as  it  is  emplaced  in  the  repository.   In 
some  instances,  it  will  be  appropriate  to  use  standardized  test  methods  and 
procedures  governed  and  issued  by  the  American  Society  for  Testing  and 
Materials  (ASTM) .   The  next  two  Information  Needs  (1.4.2  and  1.4.3)  use  this 
information  for  predicting  the  characteristics  of  the  container  in  the  later 
periods.   In  some  instances,  certain  design  features  bear  on  the  selection  of 
the  container  material.  Much  of  the  information  on  mechanical  and  physical 
properties  of  the  candidate  container  materials  is  available  from  published 
sources.   These  properties  are  not  environmentally  dependent  and  so  are  not 
site-specific  to  Yucca  Mountain;  therefore,  compilation  of  existing 
information  should  suffice. 

For  the  option  included  in  the  alternate  barriers  investigations,  i.e., 
ceramic-metal  systems,  bimetallic/single  metal  systems,  and  coatings  and 
filler  systems,  the  important  physical  and  mechanical  properties  are  closely 
linked  with  the  proposed  feasibility  study  on  this  design  option.   These 
properties  will  be  discussed  in  Activity  1.4.1.2  (Section  8.3.5.9.1.2). 

Two  activities  are  included  in  this  Information  Need  (1.4.1).   The  first 
activity  is  based  on  using  a  container  fabricated  from  one  of  the  six  candi- 
date metallic  materials.   This  includes  both  copper-based  and  austenitic 
alloys.   Some  activities  are  common  to  both  alloy  groups,  and  some  are  spe- 
cific to  (or  are  more  emphasized  in)  one  group,  as  indicated  in  the  following 
descriptions. 

The  second  activity  is  based  on  a  waste  package  concept  that  will  evolve 
from  the  alternate  barriers  investigations  and  be  chosen  from  one  of  the 
three  following  groups:  ceramic-metal  systems,  bimetallic/single  metal 
systems,  and  coating  and  filler  systems.   This  activity  will  introduce  some 
unique  features  not  found  in  the  first  activity  and  is  less  well-defined 
because  the  feasibility  of  producing  such  a  waste  package  must  first  be 
evaluated. 

Activities  to  be  pursued  to  completion  depend  on  which  waste  package 
concept,  together  with  the  appropriate  materials,  is  eventually  selected  and 
the  outcome  of  the  feasibility  study  on  the  alternate  barriers  investiga- 
tions.  The  activities  that  support  the  selection  process  for  the  metallic 
container  materials  are  explained  in  the  next  Information  Need  (1.4.2). 

The  presently  available  information  on  the  items  discussed  in  this 
information  need  is  probably  adequate  to  serve  the  needs  of  material  selec- 
tion, except  possibly  in  the  area  of  welding  effects.   The  Project  intends  to 
evaluate  the  existing  information  during  the  time  up  to  material  selection 
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and  to  undertake  only  those  laboratory  measurements  needed  to  support  mate- 
rial selection.  After  the  final  container  material  is  chosen,  a  test  plan 
will  be  developed  for  the  selected  material  to  supply  the  data  needed  to 
support  the  repository  license  application. 


3.5.9.1.1   Activity  1.4.1.1:   Integrate  design  and  materials  information 
(metal  container) 

The  following  subactivities  support  this  activity. 


8.3.5.9.1.1.1  Subactivity  1.4.1.1.1:  Mechanical  properties 

Objectives 

The  objective  of  this  subactivity  is  to  compile  available  data  on  the 
mechanical  properties  of  the  candidate  materials  over  the  temperature  range 
cf  interest  (approximately  room  temperature  to  300°C) . 

Parameters 

The  principal  mechanical  properties  of  interest  are  the  following: 

1.  Yield  strength. 

2.  Ultimate  tensile  strength. 

3.  Elongation  (or  other  measure  of  ductility,  such  as  reduction  in 
area)  . 

4.  Modulus  of  elasticity. 

5.  Impact  strength  (or  other  measure  of  fracture  toughness). 

Knowledge  of  the  effect  of  metal  fabrication  processing  and  interrela- 
.ionships  between  mechanical  properties  and  microstructural  properties  is 
ilso  required.   This  includes  the  effect  of  such  factors  as  phase  distribu- 

ion,  grain  size,  inclusion  content,  and  previous  plastic  deformation.   The 
effect  of  the  strain  rate  on  the  mechanical  properties  is  also  needed.  While 
.  ndividual  mechanical  properties  were  just  listed,  the  entire  stress-strain 

elationship  merits  attention  to  enable  the  evaluation  of  the  toughness  of 
'  he  material  when  subjected  either  to  low  strain  rate  or  to  high  strain  rate 
] rocesses  that  can  later  develop  in  the  containment  period. 

I escription 

Depending  on  the  results  of  the  compilation,  experimental  determination 
cf  any  inadequately  known  mechanical  properties  will  be  performed.   Extended 
!t ime  at  temperature  may  change  the  values  of  the  mechanical  properties,  and 
(this  effect  will  be  considered  in  the  compilation.   For  the  austenitic 
naterials  (including  alloy  825),  there  will  be  little  need  for  additional 
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experimental  work  for  this  activity  because  of  the  extensive  published  infor- 
mation on  this  subject.   However,  some  experimental  work  may  be  required  to 
determine  the  properties  of  the  welded-austenitic  material  because  of  the 
inherently  more  complex  structure  of  the  weld  and  its  dependence  on  many 
process  variables  that  will  be  determined  in  the  future.   Because  the  data  on 
mechanical  properties  of  the  copper-based  materials  at  the  higher  end  of  the 
repository-relevant  temperature  range  is  not  as  extensive  as  that  for  the 
austenitic  materials,  some  experimental  work  may  be  needed  to  fill  the  infor- 
mation gaps. 

The  low  strength  of  high-purity  copper  (CDA  102)  suggests  that  a  long- 
term,  low-temperature  creep  phenomenon  may  lead  to  a  degradation  mode  that 
would  be  most  important  for  the  "retrieval  period"  following  emplacement  of 
the  container  in  the  repository.   The  somewhat  thicker  container  sections 
(approximately  2-3  cm)  that  likely  will  be  required  for  a  high-purity  copper 
waste  package  because  of  its  lower  yield  strength  will  likely  impart  greater 
creep  strength  as  well.   But  this  supposition  will  need  to  be  supported  by 
analysis  of  stresses  (and  strains)  that  will  develop  in  the  postemplacement 
period  and  by  a  comparison  of  the  results  with  available  creep  rupture  data 
for  this  material  over  the  temperature  range  of  interest.   Creep  appears  to 
be  a  less  significant  potential  degradation  mode  for  the  solid-solution 
hardened  copper-based  alloys  and  the  austenitic  materials. 


8.3.5.9.1.1.2  Subactivity  1.4.1.1.2:  Microstructural  properties 

Objectives 

The  objective  of  this  subactivity  is  to  compile  available  information 
and  characterization  of  the  microstructures  of  the  candidate   ^per-based  and 
austenitic  materials  to  predict  the  microstructural  propert    :>f  the  as- 
emplaced  container.   Predictions  of  microstructural  proper' _,  are  compared 
with  examinations  of  microstructures  in  prototype  containers.   The  character- 
istics of  the  as-emplaced  container  microstructure  serve  as  a  basis  for 
predicting  what  microstructural  changes  will  occur  in  the  postemplacement 
time  periods. 

Parameters 

Because  the  microstructure  is  intimately  related  to  fabrication  process 
variables  and,  in  some  instances,  to  relatively  small  compositional  varia- 
tions, this  dependence  will  be  documented.  The  microstructures  of  the  fusion 
zone  and  heat-affected  zones  around  the  weld  must  also  be  characterized; 
characterization  of  these  microstructures  depends  strongly  on  the  welding 
process  variables  and,  in  some  welding  processes,  on  the  composition  of  the 
filler  materials.  The  microstructural  features  of  importance  include  the 
following: 

1.  Primary  phases  present  and  their  distribution. 

2.  Secondary  phases,  their  distribution,  and  evidence  of  precipitation 
reactions. 
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3.  Segregation  effects. 

4.  Grain  size  and  distribution  of  grain  size. 

5.  Evidence  of  preferred  orientation. 

6.  Identification  and  distribution  of  nonmetallic  inclusions. 

The  time  at  elevated  temperature  (during  the  container  fabrication  and 
closure  process)  is  influential  in  determining  these  features. 

Description 

The  work  in  this  subactivity  is  primarily  concerned  with  the  micro- 
structure  of  the  emplaced  container.   Projections  of  microstructural  changes 
from  the  time  of  emplacement  form  the  basis  of  analysis  for  the  different 
corrosion,  oxidation,  and  embrittlement  degradation  modes  that  can  occur 
after  emplacement.   These  projections  are  pursued  in  Information  Needs  1.4.2 
(Section  8.3.5.9.2)  and  1.4.3  (Section  8.3.5.9.3)  under  the  topic  of  aging 
phenomena. 

A  major  emphasis  in  this  subactivity  is  development  of  the  ability  to 
predict  what  the  microstructural  features  should  be  for  the  as-emplaced 
container.   These  predictive  abilities  derive  from  an  understanding  of  phys- 
ical and  mechanical  metallurgy  of  the  container  material  and  the  effect  of 
the  thermochemical  process  history  on  the  microstructure  of  the  container 
material.   This  will  be  substantiated  by  (1)  examination  of  laboratory-size 
specimens  that  are  produced  to  simulate  the  fabrication  and  welding  processes 
to  be  used  on  actual  size  waste  package  containers  and  (2)  examination  of 
prototype  containers  (of  the  dimensions  and  process  history  as  the  actual 
production  container  but  not  filled  with  waste) . 

The  experimental  work  in  this  subactivity  will  establish  what  population 
of  examined  microstructures  of  laboratory-  and  prototype-size  containers 
constitutes  a  representative  sample  population  of  production-size  containers. 
Standard  laboratory  metallographic  and  microscopic  techniques  are  available 
for  characterizing  microstructures.  Advanced  microscopic  techniques  may  be 
needed  to  the  extent  of  resolving  subcritical  size  particles  that  would  later 
grow  into  potentially  detrimental  microstructural  features.   The  need  for 
these  will  be  indicated  by  the  modeling  activities  (Information  Need  1.4.3) 
with  regard  to  the  container  material  and  degradation  mode(s)  requiring  this 
amount  of  attention.  After  a  material  is  selected  for  the  final  design  and 
after  fabrication  of  prototype  containers  is  undertaken,  a  through  charac- 
:erization  of  a  representative  as-fabricated  and  as-assembled  container  will 
De  needed. 

Most  of  the  techniques  for  thorough  characterization  of  microstructures 
Involve  destructive  examination  of  the  metal  cross-section;  therefore, 
juality  control  of  the  container  production  stream  is  obtained  by  periodic 
examination  of  unfilled  quality  control  containers  that  have  the  same  process 
listory  as  the  filled  containers.   Work  in  this  subactivity  will  provide  the 
.echnical  basis  for  establishing  the  frequency  of  this  inspection  for  process 
:ontrol.   Some  nondestructive,  semiquantitative  techniques  can  be  routinely 
ised  in  the  production  facility  for  evaluating  certain  microstructural 
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features  (e.g.,  amount  of  ferrite  in  the  weld  determined  by  magnetic  flux 
measurement  technigues) .  Which  features  to  pursue  will  depend  on  the  outcome 
of  the  modeling  activities  in  deciding  which  microstructural  features  are 
most  important  to  affecting  the  container  performance.   Some  destructive 
testing  on  prototype  or  witness  specimens  will  be  needed  to  confirm  that  the 
desired  microstructure  is  obtained.   For  example,  evidence  of  copper  oxide 
inclusions  in  copper  or  significant  sigma  phase  formation  in  candidate 
austenitic  stainless  steels  during  the  fabrication  and  welding  process  would 
likely  be  considered  detrimental  and  would  be  cause  for  rejection. 

With  respect  to  the  copper-based  materials,  the  microstructures  are  gen- 
erally simpler  than  those  for  the  austenitic  materials;  however,  segregation 
effects  in  the  alloys  may  be  more  important  because  of  the  electrochemical 
implications  of  the  wide  difference  between  the  more  noble  copper  and  the 
active  alloy  additions.   Because  a  high  percentage  of  copper  is  produced  by 
recycling,  the  accumulation  of  potentially  harmful  impurities  and  their 
effect  on  embrittlement  is  noted  for  evaluation.   Specifications  reguiring 
virgin  copper  or  high-purity  remelt  scrap  might  be  necessary. 

Detailed  microstructural  analyses  will  be  conducted  on  base  metal,  weld 
metal,  and  weld  heat-affected  zones.   These  analyses  will  be  conducted  on 
material  in  the  condition  expected  for  the  as-fabricated  container  and  also 
in  the  condition  expected  after  simulated  long-term  exposure  in  the  reposi- 
tory. Advanced  technigues,  including  transmission  electron  microscopy  and 
scanning  electron  microscopy,  can  be  used  to  resolve  features  10  angstroms  in 
size.  Moreover,  microchemical  analysis  technigues  of  the  matrix,  precipitate 
and  dislocation  and  grain  boundary  structures  will  be  conducted  using 
scanning  transmission  electron  microscopy  and  Auger  electron  spectroscopy. 
These  technigues  will  allow  full  characterization  of  the  morphology  and 
chemistry  of  the  microstructure.   The  overall  program  will  allow  assessment 
of  the  stability  of  these  features  over  the  long  term  in  the  repository. 

Microstructural  stability  will  be  a  criterion  in  the  selection  of  the 
metal  barrier.   Further  discussion  is  contained  under  degradation  mode  test- 
ing (Section  8.3.5.9.2.3.2)  and  degradation  modeling  (Section  8.3.5.9.3.2.1). 

The  microstructure  of  the  as-fabricated  and  as-assembled  (by  welding  or 
other  process)  prototype  containers  must  be  thoroughly  characterized,  because 
it  is  not  always  possible  to  perform  successfully  all  the  possible  variations 
scaling  up  from  specimen  or  coupon-size  workpieces.   This  more  extensive 
characterization  will  only  be  pursued  on  the  material  selected  for  the 
advanced  design  and  the  process  selected  for  actually  fabricating  the  waste 
package  container. 


8.3.5.9.1.1.3  Subactivity  1.4.1.1.3:   Physical  properties 
Objectives 

The  objective  of  this  subactivity  is  to  compile  those  physical  proper- 
ties whose  values  are  needed  for  design  and  for  projections  of  changes  in  the 
container  in  the  postemplacement  environment  (i.e.,  temperature  field,  radia- 
tion field,  stress  field) . 

8.3.5.9-54 


DECEMBER  1988 
Parameters 

The  physical  properties  of  interest  include 

1.  Thermal  conductivity. 

2.  Density. 

3.  Coefficient  of  thermal  expansion. 

Description 

These  physical  properties  are  not  site  or  environment  dependent,  and  so 
compilation  from  existing  literature  sources  should  be  sufficient.   How  these 
properties  depend  on  such  factors  as  alloy  compositions  (and  permissible 
variations)  and  temperature,  however,  is  needed  as  waste  package  design 
information.  These  properties  are  not  expected  to  be  significantly  affected 
by  the  fabrication  processes  for  forming  or  joining  the  container  materials. 


8.3.5.9.1.1.4  Subactivity  1.4.1.1.4:   State  of  stress  in  the  container 

Objectives 

The  objective  of  this  subactivity  is  to  analyze  the  state  of  stress  at  a 
number  of  locations  in  the  container  and  to  project  the  changes  in  the  state 
of  stress  with  time  and  temperature  during  the  containment  and  postcontain- 
ment  periods.  When  possible  or  feasible,  the  analysis  will  be  supplemented 
by  actual  stress  measurements  on  prototype  containers. 

Parameters 

The  initial  state  of  stress  at  emplacement  will  depend  on  many  process- 
ing variables  in  forming,  assembling,  joining,  and  handling  the  container  and 
the  residual  stresses  that  these  different  processes  impart  to  the  container. 
The  steady-state  service  load  on  the  container  (mostly  due  to  its  own  weight 
and  that  of  the  contents)  also  figures  in  the  analysis.   Projections  of  the 
stress  to  different  postemplacement  time  periods  will  consider  the  effects  of 

,  any  expected  additional  static  or  dynamic  loads.   The  state  of  stress  is 
concerned  with  the  magnitude,  nature  (tensile,  compressive,  or  shear) ,  and 

,  axiality  of  the  stresses,  and  the  corresponding  strains  in  the  container 

■  materials  associated  with  the  stresses. 

L    •  ♦• 

:  Description 

The  stress  in  the  container  is  expected  to  vary  considerably  from  loca- 
:ion  to  location.  The  container  lid  and  bottom  will  likely  be  designed  with 
i  thicker  section  than  the  main  body  in  an  effort  to  contour  the  stress, 
different  fabrication  processes  may  be  used  for  the  main  body  (e.g.,  rolled 
ind  welded  plate)  and  the  lid  and  bottom  sections  (e.g.,  forgings) ,  resulting 
.n  different  stress  and  microstructure  patterns.  Other  container  fabrication 
processes  under  consideration  eliminate  some  or  all  of  the  assembly  welds, 
ind  it  is  possible  to  anneal  the  container  body  before  the  waste  form  is 
Placed  inside.  These  considerations  have  the  objective  of  reducing  residual 
;tress  in  the  as-fabricated  container  shell.  The  residual  stress  is  expected 
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to  be  highest  at  the  closure  weld,  since  it  will  be  impractical  to  relieve 
all  this  stress  by  a  postweld  heat  treatment.   (Some  localized  stress 
relieving  may  be  possible,  if  this  can  be  performed  in  a  hot  cell  and  without 
damaging  the  waste  form.)   Proper  selection  of  the  welding  process  and  weld 
parameters  can  create  less  residual  tensile  stress  at  the  surface.  Another 
possibility  is  a  postweld  surface  peening  process  to  put  the  outside  surface 
of  the  weld  in  compression.  All  the  weld  processes  and  processes  to  mitigate 
against  high  residual  tensile  stresses,  such  as  surface  peening,  will  have  to 
be  evaluated  in  terms  of  being  practical  in  a  hot  cell  and  not  creating  an 
undesirable  side-effect  problem. 

There  may  be  significant  differences  in  fabrication  processes  between 
the  copper-based  and  austenitic  groups,  which  may  lead  to  separate  stress 
analyses.   The  density  of  copper  is  higher  than  that  of  the  austenitic  mate- 
rials, and  a  thicker  wall  section  will  probably  be  specified  if  high-purity 
copper  (CDA  102)  is  selected.   The  yield  stress  of  copper  is  considerably 
lower  than  that  of  the  other  candidate  materials.   The  copper-based  alloys 
have  yield  strengths  comparable  to  those  of  the  candidate  austenitic 
materials. 

Calculational  analyses  of  the  state  of  stress  will  be  supported  by 
actual  strain  gage  measurements  on  prototype  containers  with  simulated  waste 
form  contents  and  closure  welds. 

Because  all  the  candidate  materials  are  corrosion  resistant,  a  criterion 
for  selection  will  be  that  wall  thinning  due  to  corrosion  processes  during 
the  containment  period  will  not  be  of  engineering  significance.   Part  of  the 
effort  will  be  to  consider  the  effect  of  pits  and  other  localized  corrosion 
phenomena  as  stress  raisers  and  potential  sites  of  crack  nucleation.  A 
fracture  mechanics,  crack-growth  methodology  will  be  used.   Stress-corrosion 
crack  growth  rate  data  will  be  obtained  for  the  base  metal,  weld  metal,  and 
weld  heat-affected  zone.   The  data  will  cover  conditions  expected  in  the 
as-fabricated  container  and  also  the  condition  expected  after  simulated 
long-term  thermal  exposure  in  the  repository.   Failure  of  the  container  by 
pitting  and  other  forms  of  localized  corrosion,  as  well  as  resultant  effects 
such  as  nucleation  of  stress  corrosion  cracks,  will  be  included  in  the 
selection  criteria. 


8.3.5.9.1.1.5  Subactivity  1.4.1.1.5:   Characterization  and  inspection  of 
weld  integrity 

Objectives 

The  objective  of  this  subactivity  is  to  determine  the  soundness  of  the 
weld  joints,  with  primary  emphasis  on  inspection  of  the  final  closure  weld. 
Nondestructive  evaluation  techniques  are  available  to  make  this  inspection 
and  to  determine  the  nature,  population,  size,  and  distribution  of  flaws. 
Detection  of  flaws  in  the  welded  region  is  important  in  ensuring  the  initial 
integrity  of  the  as-emplaced  waste  package;  analyses  of  some  of  the  possible 
degradation  modes  (in  Information  Needs  1.4.2  (Section  8.3.5.9.2)  and  1.4.3 
(Section  8.3.5.9.3))  depend  on  whether  flaws  are  present  above  a  critical 
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size  at  which  they  might  be  expected  to  grow  as  cracks  during  later  time 
periods. 

Parameters 

The  parameters  of  this  subactivity  include 

1.  Weld  process  selected. 

2.  Weld  process  parameters  (particularly  those  related  to  heat  input). 

3.  Composition  of  filler  material  (for  some  weld  processes). 

4.  Composition  of  weld  cover  gas. 

5.  Microstructure  of  weld. 

6.  Inspection  method  selected. 

These  parameters  are  interactive  in  determining  the  integrity  of  the 
weld.  They  influence  how  the  weld  can  be  inspected  and  how  the  signal  or 
pattern  from  the  technigue  used  for  the  inspection  can  be  interpreted. 

Description 

The  welding  process  and  welding  parameters  (such  as  heat  input  and  the 
rate  of  heat  input,  which  are  often  determined  by  the  current  and  voltage, 
number  of  passes,  and  time  of  each  pass)  have  an  important  effect  on  the  weld 
integrity.   Similarly,  the  cooling  rate  after  welding  is  important.   Both 
filler  and  autogenous  processes  are  under  consideration.   The  composition  and 
microstructure  in  the  fusion  zone  are  important .   The  nature  and  composition 
of  the  protective  cover  gas  are  important  to  prevent  significant  oxidation  in 
the  weld  region.  The  weld  geometry,  weld  thickness,  metallurgical  composi- 
tion, grain  size,  grain  orientation,  and  other  metallurgical  and  microstruc- 
tural  considerations  govern  the  kinds  of  nondestructive  evaluation  technigues 
and  the  sensitivity  and  precision  with  which  flaws  can  be  detected. 

Autogenous  weld  processes  are  commonly  used  for  the  copper-based  mate- 
rials. The  welded  microstructure  is  expected  to  be  simpler  for  the  copper- 
based  materials  than  other  materials  considered,  but  any  tendency  for  the 
alloying  elements  to  segregate  will  need  to  be  evaluated.   The  high  heat 
input  reguired  to  weld  pure  copper  may  cause  possible  problems  for  the  waste 
form  inside  the  container.  Also,  high-purity  copper  tends  to  pick  up  oxygen 
readily,  and  so  control  of  the  cover  gas  composition  becomes  very  important. 
Small  amounts  of  oxygen  in  the  copper  can  cause  embrittlement  in  some  envi- 
ronments, but  small  additions  of  deoxidizing  elements  (most  commonly  phos- 
phorus) alleviate  the  problem. 

Autogenous  and  filler  metal  processes  can  be  used  to  weld  the  austenitic 
materials.  For  welding  some  of  the  austenitic  materials,  a  filler  material 
of  somewhat  different  composition  from  that  of  the  base  material  is  used  to 
produce  the  desired  microstructure  or  to  compensate  for  alloying  elements 
that  are  lost  by  oxidation  or  evaporation.   It  will  be  important  to  demon- 
strate that  any  compositional  differences  between  the  filler  and  base 
materials  do  not  result  in  undesirable  galvanic  interaction  between  the  two 
materials.  Also,  the  composition  and  control  of  the  composition  of  the  cover 
gas  during  the  welding  operation  is  important  in  ensuring  high  weld  integrity 
and  process  consistency.  The  number  of  alloy  components  (including  the 
titanium  addition  used  to  stabilize  carbide  formation)  and  the  all-austenitic 
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structure  of  alloy  825  sometimes  presents  concerns  about  weld  cracking;  these 
are  overcome  by  control  of  the  microconstituents  (especially  the  carbon, 
phosphorus,  and  sulfur)  and  the  cover  gas  composition. 

Because  the  weld  inspection  technique  is  so  closely  tied  to  the  material 
and  process  variables,  selection  and  development  of  the  inspection  technique 
will  parallel  the  efforts  made  on  selecting  the  candidate  container  material 
and  on  selecting  and  developing  the  container  fabrication  and  closure  weld 
processes.  Because  of  nondestructive  inspection  techniques,  all  the  con- 
tainers destined  for  the  repository  can  be  inspected.   However,  many  details 
of  conducting  the  inspection  will  need  to  be  addressed  in  the  future,  includ- 
ing the  constraints  of  remotely  performing  the  operation.   Interpretation  of 
the  signals  or  images  produced  by  the  nondestructive  test  will  also  have  to 
be  worked  out.   This  will  likely  involve  inspection  of  prototype  weldments 
and  container  sections  with  intentional  flaws  of  different  kinds,  sizes,  and 
distributions. 

Since  welds  and  weld  heat-affected  zones  often  limit  the  performance  of 
structures,  particular  attention  will  be  focused  on  the  properties  and 
performance  of  these  regions  of  the  container.   The  material  properties  and 
degradation  models  are  discussed  in  Sections  8.3.5.9.2  and  8.3.5.9.3. 


8.3.5.9.1.1.6  Subactivity  1.4.1.1.6:   Characterization  of  the  container 
surface 

Objectives 

The  objective  of  this  subactivity  is  the  detection  of  potentially  harm- 
ful surface  conditions  on  the  as-emplaced  container,  resulting  from  handling 
operations.  These  conditions  (seemingly  innocuous  at  emplacement  and,  there- 
fore, not  a  cause  of  waste  package  rejection)  may  lead  to  conditions  that 
will  favor  one  of  the  degradation  modes  discussed  in  Information  Needs  1.4.2 
(Section  8.3.5.9.2)  and  1.4.3  (Section  8.3.5.9.3).   Two  classes  of  conditions 
are  of  concern:   (1)  mechanical  defects  such  as  scratches  and  gouges  that 
could  develop  into  crevices  or  into  stress  raisers  and  (2)  chemical  contami- 
nation of  the  surface.  Of  particular  concern  are  residues  of  chloride  ion 
that  could  result  in  locally  high  concentration  of  chloride  ion  developing  at 
a  later  period.  Both  mechanical  defects  and  chemical  contamination  will  be 
of  more  concern  with  types  304L  and  316L  stainless  steel  (SS)  materials, 
which  are  more  susceptible  than  the  other  materials  being  considered. 

Parameters 

The  production  of  surface  defects  and  contamination  depends  on  many 
process  and  operational  variables.   These  will  become  better  defined  as  deci- 
sions on  process  selections  are  made  and  details  of  the  operations  are  more 
focused.  The  critical  sizes  of  surface  defect  or  levels  of  chemical  contam- 
ination will  be  determined  in  activities  dealing  with  the  various  degradation 
modes  and  with  the  sensitivities  of  accelerating  the  degradation  modes 
(Information  Needs  1.4.2  and  1.4.3). 
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Description 

Much  of  the  work  in  this  subactivity  will  be  directed  toward  developing 
ways  of  detecting  small  mechanical  defects  and  surface  residue  concentra- 
tions. Detailed  specifications  for  container  handling  in  the  surface  facil- 
ity and  in  the  repository  will  be  made  in  an  effort  to  minimize  potentially 
harmful  surface  effects.  The  extent  to  which  the  activity  will  be  pursued 
also  depends  on  the  material  ultimately  selected.   (Type  304L  SS,  for 
instance,  will  be  much  more  susceptible  to  crevice  effects  and  chloride 
residues  than  will  alloy  825.)   Characterization  of  the  container  surface  may 
not  be  as  critical  for  the  copper-based  materials  because  these  materials  are 
not  nearly  as  susceptible  to  crevice-induced  corrosion  effects,  or  to 
chloride-induced  corrosion  problems,  as  other  materials  considered. 


8.3.5.9.1.2  Activity  1.4.1.2:   Integrate  design  and  materials  information 
(alternate  barriers  investigations) 

This  activity  has  been  expanded  into  an  alternate  barriers  investiga- 
tions, to  bring  forward  one  or  two  viable  material-system,  design,  and  fabri- 
cation alternatives,  in  case  a  waste  package  fabricated  from  any  of  the  six 
candidate  materials  cannot  achieve  the  containment  objectives  allocated  to 
the  container.   These  investigations  shall  integrate  design  and  materials 
information  for  waste  package  containers  based  on  materials  systems  that  fall 
in  the  following  three  classes: 

1.  Ceramic-metal  systems. 

2.  Bimetallic/single  metal  systems. 

3.  Coatings  and  filler  systems. 

An  obvious  advantage  of  the  alternate  barriers  investigations  is  the 
potential  to  clearly  project  repository  performance  that  is  superior  to  what 
is  possible  with  the  metal  barrier  candidates  under  consideration.   Because 
of  the  large  number  of  containers  needed,  cost-effective  fabrication  and 
material  availability  are  also  important  considerations.   To  meet  this 
challenge,  the  following  concepts  will  be  evaluated: 

1.  Ceramic-metal  systems.  Wherein  the  choice  of  a  suitable  ceramic, 
alumina  (A1203)  and  titania  (Ti02),  will  provide  the  best  possible 
long-term  corrosion  resistance  because  of  higher  chemical  stability 
in  the  near  field  environment.  Additionally,  ceramic  composites  can 
increase  the  toughness  and  delayed  fracture  resistance  of  the 
ceramic.   If  required,  a  metal  container  for  the  ceramic  monolith 
can  serve  as  a  fabrication  aid  and  enhance  the  resistance  to  damage 
incurred  during  transportation  and  handling  of  the  metal  ceramic- 
metal  container.  A  very  important  consideration  is  the  ease  and 
reliability  of  the  closure  in  any  container  involving  a  ceramic. 
Both  metallic  closure  concepts  and  ceramic  closure  concepts  will  be 
considered. 

2.  Bimetallic/single  metal  systems.   Wherein  a  bimetallic  system  will 
use  galvanic  effects  to  provide  long-term  corrosion  resistance.   The 
inner  liner,  cathodic  to  the  outer  liner,  will  be  designed  for 
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long-term  stability  and  corrosion  resistance  at  lower  temperatures. 
The  outer  liner  will  provide  corrosion  resistance  in  the  short  term 
at  higher  temperatures  and  higher  gamma  dose  rates.  Alternate 
single  metals  such  as  titanium,  its  dilute  alloys,  and  high-nickel 
corrosion-resistant  alloys,  with  high  potential  corrosion  resistance 
compared  with  metal  barrier  selections,  will  be  considered. 

3.   Coatings  and  filler  systems.  Wherein  coatings  will  be  used 

primarily  to  enhance  the  performance  of  a  single  metal  barrier. 
Coatings  must  demonstrate  closed  porosity  and  long-term  stability  in 
regard  to  substrate  adherence,  resistance  to  cracking,  and  corrosion 
resistance.   Fillers  (metal  or  nonmetallic)  will  provide  added 
mechanical  support  between  spent  fuel  elements  and  the  container. 
Thermal  properties  must  be  compatible  with  waste  package  design 
regarding  maximum  waste-form  temperature.   Fillers  will  also  provide 
additional  long-term  protection  against  corrosion  and  control  the 
release  of  radionuclides. 

Five  subactivities  support  this  activity. 


8.3.5.9.1.2.1  Subactivity  1.4.1.2.1:   Survey  of  alternative  barrier  designs, 
materials,  and  processes  to  determine  feasibility  of 
fabricating  a  satisfactory  waste  package 

The  purpose  of  this  subactivity  is  to  first  survey  those  designs, 
materials,  and  fabrication  and  closure  methods  that  fall  into  the  three 
categories  just  discussed  and  that  have  high  potential  for  meeting  the 
containment  objectives.   Because  of  the  large  number  of  containers  needed, 
the  impact  of  cost  on  container  fabrication,  closure,  and  material  selection 
will  also  be  carefully  considered. 

Fabrication  studies  will  be  divided  into  at-repository  and  off-reposi- 
tory categories  with  the  goal  of  prefabricating  and  inspecting  as  much  as 
possible  off  the  site.  Only  closure  and  postclosure  inspection  would  be 
completed  at  the  repository.   Cost  assessments,  as  well  as  fabrication 
feasibility,  will  be  considered.   Economics  of  scale  will  be  taken  into 
account . 

Alternate  single  and  bimetal  concepts  will  focus  on  three  basic  metal 
fabrication  methods:  (1)  rolled  and  welded,  (2)  centrifugal  casting,  and 
(3)  extrusion.   Gas  pressure  bonding  will  be  considered  for  bimetal  concepts. 
For  ceramic-related  concepts,  it  is  expected  that  (1)  extrusion/slip  cast/ 
sinter,  (2)  cold  press/sinter,  and  (3)  hot  isostatic  pressing  will  be 
applicable.   Special  fabrication  considerations  will  be  required  for  compos- 
ite candidates  and  coating/liner  concepts. 

Later  in  the  survey,  the  fabrication  survey  will  be  more  focused  and 
more  detailed  regarding  the  specific  requirements.   For  ceramic  containers, 
an  early  assessment  will  be  made  to  determine  if  current  technology  and 
industrial  experience  can  produce  ceramics  in  the  size  required  and  with 
microstructural  integrity  that  will  meet  repository  requirements. 
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After  the  screening  of  alternative  candidates,  two  alternates  from  each 
category  will  be  chosen  for  detailed  study.  A  set  of  criteria  will  be 
developed  to  guide  the  selection  process.   Some  of  these  guidelines  will 
include 

1.  How  will  the  container  meet  the  performance  objective  of 
substantially  complete  containment? 

2.  Can  long-term  performance  be  predicted? 

3.  Is  the  material  available  and  is  fabrication  practicable? 

4.  What  are  the  estimated  costs? 

5.  Can  the  fabricated  and  sealed  container  be  adequately  inspected? 

Each  alternative  concept  will  be  evaluated  by  a  separate  team  of 
consultants,  some  with  direct  industrial  experience  fabricating  the  same 
materials  in  related  product  lines. 


8.3.5.9.1.2.2  Subactivity  1.4.1.2.2:  Mechanical  properties 

Objectives 

The  objective  of  this  subactivity  is  to  compile  relevant  data  on  the 
mechanical  properties  of  the  candidate  materials  over  the  temperature  range 
of  interest  (approximately  room  temperature  to  300°C) . 

Parameters 

The  principal  mechanical  properties  of  interest  for  both  ceramic  and 
metallic  materials  that  may  be  used  in  the  alternate  barriers  investigations 
are 

1.  Yield  and  ultimate  strength  in  all  stress  modes,  percent  elongation, 
and  reduction  in  area. 

2.  Strain  rate  effects  on  impact  strength,  fracture  toughness,  and 
ductility. 

3.  Elastic  constraints. 

4.  Residual  stress  after  fabrication  and  closure. 

Knowledge  of  the  effect  of  fabrication  and  closure  on  the  microstructure 
and  mechanical  properties  is  needed. 
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8.3.5.9.1.2.3  Subactivity  1.4.1.2.3:  Microstructural  properties 

Objectives 

The  objective  of  this  subactivity  is  the  compilation  of  available 
information  and  the  completion  of  required  experimentation  to  characterize 
microstructure  as  it  relates  to  mechanical  properties,  corrosion  resistance, 
and  ultimately  to  the  overall  performance  of  the  as-emplaced  waste  package 
container.   Because  the  microstructure  is  intimately  related  to  fabrication 
process  variables  and,  in  some  instances,  to  relatively  small  compositional 
variations,  this  dependence  will  be  documented. 

Predictions  of  microstructural  properties  are  compared  with  examinations 
of  microstructures  in  prototype  containers.   The  characteristics  of  the 
as-emplaced  container  microstructure  serve  as  a  basis  for  predicting  what 
microstructural  changes  will  occur  in  the  postemplacement  time  periods. 

Parameters 

The  microstructural  features  that  will  impact  the  performance  of 
ceramics,  metallic  alloys,  and  coatings  and  fillers  that  are  candidates  for 
inclusion  in  the  alternative  barriers  investigations  include 

1.  Primary  and  secondary  phases,  impurity  phases,  and  segregation 
effects. 

2.  Grain  size,  its  distribution,  and  any  preferred  orientations. 

3.  Discontinuities  such  as  porosity  and  cracking  (primarily  in  ceramics 
and  coatings)  and  other  flaws,  their  sizes,  and  size  distributions. 

Discussion 

A  major  emphasis  in  this  subactivity  is  development  of  the  ability  to 
predict  what  the  microstructural  features  should  be  for  the  as-emplaced 
container.  This  will  be  accomplished  by  (1)  examination  of  laboratory-size 
specimens  that  are  produced  to  simulate  the  fabrication  and  closure  processes 
to  be  used  on  actual  size  waste  package  containers  and  (2)  examination  of 
prototype  containers. 

The  experimental  work  in  this  subactivity  will  establish  what  population 
of  examined  microstructures  of  laboratory-  and  prototype-size  containers 
constitutes  a  representative  sample  population  of  production-size  containers. 
Standard  laboratory  metallographic  and  microscopic  techniques  are  available 
for  characterizing  microstructures.  Advanced  microscopic  techniques  may  be 
needed  to  the  extent  of  resolving  subcritical  size  defects  that  would  later 
grow  into  potentially  detrimental  microstructural  features.   The  need  for 
these  will  be  indicated  by  the  modeling  activities  with  regard  to  the  con- 
tainer material  and  degradation  mode(s)  requiring  this  amount  of  attention. 
After  a  material  is  selected  for  the  final  design  and  after  fabrication  of 
prototype  containers  is  undertaken,  a  thorough  characterization  of  a 
representative  as-fabricated  and  as-assembled  alternate  container  will  be 
needed. 
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The  microstructure  of  the  as-fabricated  and  as-assembled  prototype 
containers  must  be  thoroughly  characterized,  because  it  is  not  always 
possible  to  perform  successfully  all  the  possible  variations  scaling  up  from 
specimen  or  coupon-size  workpieces.   This  more  extensive  characterization 
will  only  be  pursued  on  the  material  selected  for  the  advanced  design  and  the 
process  selected  for  actually  fabricating  the  waste  package  container. 


8.3.5.9.1.2.4  Subactivity  1.4.1.2.4:   Thermophysical  properties 

Objectives 

The  objective  of  this  subactivity  is  to  compile  those  physical  proper- 
ties whose  values  are  needed  for  design  and  for  projections  of  changes  in  the 
container  in  the  post emplacement  environment  (i.e.,  temperature  field, 
radiation  field,  and  stress  field) . 

Parameters 

The  physical  properties  of  interest  include 

1.  Thermal  conductivity  and  radiation  effects  thereon. 

2.  Density. 

3.  Heat  capacity. 

4.  Crystal  structure. 

5.  Coefficient  of  thermal  expansion. 

Discussion 

These  physical  properties  are  not  site  or  environment  dependent,  and  so 
compilation  from  existing  literature  sources  should  be  sufficient.   How  these 
properties  depend  on  such  factors  as  composition  and  temperature,  however,  is 
needed  as  waste  package  design  information.   These  properties  are  not  ex- 
pected to  be  significantly  affected  by  the  fabrication  or  closure  processes. 


8.3.5.9.1.2.5  Subactivity  1.4.1.2.5:  Nondestructive  characterization  of  the 
alternate  barrier  investigations  waste  package  container 

Objectives 

The  objective  of  this  subactivity  is  the  development  of  nondestructive 
characterization  methods  and  the  application  of  these  methods  to  the  detec- 
tion of  potentially  harmful  internal  and  surface  defects  on  the  ceramic- 
metal,  bimetallic/single  metal,  or  coating  and  filler-based  waste  package 
container  that  evolve  from  the  alternative  barriers  investigation.   These 
potentially  harmful  interior  and  surface  defects  may  result  from  container 
fabrication,  post-fabrication  closure,  or  handling  operations. 
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Parameters 

The  nondestructive  characterization  methods  of  potential  usefulness 
include 

1.  Visual  inspection,  with  or  without  optical  aids. 

2.  Liquid  penetrant  inspection. 

3.  Magnetic  particle  inspection. 

4.  Radiography. 

5 .  Eddy  current . 

6.  Ultrasonic. 

7.  Acoustic  emission. 

Depending  on  the  particular  candidate  container  material  system  being 
inspected,  several  of  these  nondestructive  characterization  methods  will  be 
selected  for  evaluation  of  intentionally  introduced  flaws  that  simulate  the 
defect  types  that  are  expected  (discussed  below) . 

The  emphasis  in  this  subactivity  will  be  on  adaptation  of  presently 
operational  nondestructive  characterization  methods  to  the  alternative 
concepts,  with  the  development  of  new  characterization  methods  being 
undertaken  only  if  a  pressing  need  for  such  work  is  clearly  identified. 

Discussion 

The  presence  of  undetected  and  unremoved  interior  and/or  surface  defects 
could  accelerate  one  or  more  of  the  degradation  modes  discussed  in  Infor- 
mation Needs  1.4.2  (Section  8.3.5.9.2)  and  1.4.3  (Section  8.3.5.9.3).  Two 
classes  of  conditions  are  of  concern  to  ceramic  and  metallic  alternate 
barrier  investigations  designs: 

1.  Mechanical  defects  such  as  porosity,  cracks,  scratches,  and 
inclusions,  all  of  which  could  degrade  container  performance  through 
delayed  failure  after  emplacement . 

2.  Chemical  contamination  of  the  surface.  Of  particular  concern  here 
are  impurity  residues  (such  as  chlorides)  that  could  ultimately 
concentrate  over  time  and  contribute  to  container  failure. 

The  production  of  surface  defects  and  contamination  depends  on  many 
process  and  operational  variables.  These  will  become  better  defined  as 
decisions  on  process  selections  are  made  and  details  of  the  operations  are 
more  focused.  The  critical  sizes  of  surface  defect  or  levels  of  chemical 
contamination  will  be  determined  in  activities  dealing  with  the  various 
degradation  modes. 

Much  of  the  work  in  this  subactivity  will  be  directed  toward  developing 
ways  of  detecting  small  mechanical  defects  and  surface  residue  concen- 
trations. Detailed  specifications  for  container  handling  in  the  surface 
facility  and  in  the  repository  will  be  prepared  to  minimize  potentially 
harmful  surface  effects.  The  extent  to  which  the  activity  will  be  pursued 
also  depends  on  the  material  ultimately  selected. 
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8.3.5.9.1.3  Application  of  results 

The  results  of  these  activities  will  be  used  to 

1.  Describe  the  as-emplaced  container  for  use  in  predicting  repository 
performance. 

2.  Establish  meaningful  laboratory  test  conditions  for  activities 
discussed  under  Information  Need  1.4.2  (Section  8.3.5.9.2).   Results 
from  these  tests  input  into  the  models  for  the  different  degradation 
modes  (Information  Need  1.4.3  (Section  8.3.5.9.3)).   These  test  con- 
ditions specify  the  metallurgical  and  strain  conditions  that  govern 
the  susceptibility  to  certain  forms  of  localized  corrosion,  stress 
corrosion  cracking,  and  hydrogen  embrittlement .   For  some  of  the 
candidate  alloys,  projections  of  microstructures  that  may  develop 
over  the  long-term  containment  period  are  important  because  of 
either  potential  embrittlement  problems  or  greater  susceptibility  to 
different  corrosion  modes.  Analysis  of  the  expected  as-fabricated, 
as-welded  (or  otherwise  assembled) ,  as-emplaced  structure  serves  as 
the  basis  for  beginning  these  projections. 

3.  Form  part  of  the  basis  for  materials  selection  for  final  waste 
package  designs.   The  selection  process  is  discussed  in  Information 
Need  1.4.2.   That  information  need  sets  the  basis  for  establishing 
selection  criteria  and  the  weighting  factors  for  each  criterion.  The 
performance  under  anticipated  repository  conditions  is  expected  to 
be  the  paramount  criterion,  but  considerations  of  mechanical  and 
physical  properties  plus  many  practical  considerations  under  the 
category  of  fabricability  and  weldability  may  also  play  an  important 
role  in  the  selection  process.  An  important  part  of  the  fabrica- 
bility and  weldability  issues  related  to  whether  unfavorable 
mechanical-microstructural  features  are  produced  in  an  otherwise 
resistant  material. 

4.  Form  a  basis  for  establishing  any  additional  specifications  on  the 
composition  and  mechanical  properties  of  the  candidate  materials 
beyond  the  normal  industry  specifications.   The  results  from 
Information  Need  1.4.2  will  also  be  used  as  input  for  this  basis. 

5.  Provide  guidance  in  selecting  the  industrial  processes  for  forming, 
joining,  and  handling  the  container.   These  results  will  further 
serve  as  input  to  information  needs  under  Issues  2.4  (options  for 
waste  retrievability,  Section  8.3.5.2),  2.6  (preclosure  waste 
package  characteristics,  Section  8.3.4.3),  and  4.3  (waste  package 
production  technologies,  Section  8.3.4.4). 

6.  Complete  certain  elements  of  the  design  that  are  materials  depend- 
ent. Most  waste  package  design  features,  at  the  conceptual  level, 
are  not  sensitive  to  the  material  eventually  selected.  At  the 
advanced  design  stage,  detail  on  the  selected  material  and  processes 
for  producing  and  handling  the  container  is  needed.  These  results 
are  input  into  Information  Need  1.10.2  (Section  8.3.4.2.2). 
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Establish  the  feasibility  for  a  spent  fuel  waste  package  based  on 
one  of  the  concepts  developed  under  the  alternative  barriers- 
investigations.   This  feasibility  evaluation  is  based  on  the  physi- 
cal, mechanical,  and  corrosion  properties  of  one  or  more  of  the 
material  systems  to  be  evaluated  in  the  alternative  barriers  inves- 
tigations, as  well  as  the  feasibility  of  forming  a  waste  package 
container.   This  feasibility  determination  supplies  information  to 
Information  Needs  1.4.2  (Section  8.3.5.9.2)  and  1.4.3  (Sec- 
tion 8.3.5.9.3) . 


8.3.5.9.2  Information  Need  1.4.2:  Material  properties  of  the  container 

Technical  basis  for  addressing  the  information  need 

This  information  need  addresses  the  material  properties  of  the  candidate 
metals  that  are  needed  to  establish  the  prediction  of  the  performance  of  the 
selected  container  material.   Behavior  of  weld  metal  and  weld  heat-affected 
zones  will  be  considered  in  addition  to  the  base  metal.   Because  the  borehole 
liner  will  be  made  from  the  same  alloy  family  as  the  container,  information 
gathered  here  will  provide  a  description  of  the  performance  of  the  borehole 
liner.   Information  from  this  testing  program  supplies  the  models  discussed 
in  the  Information  Need  1.4.3  (Section  8.3.5.9.3)  for  each  possible  degra- 
dation mode  that  the  container  might  experience  in  the  postemplacement 
repository  environment. 

This  information  need  also  covers  the  characterization  of  the  material 
systems  proposed  for  use  in  an  alternative  design  for  spent  fuel  packages. 
This  option  will  be  pursued  since  the  feasibility  of  producing  such  a  liner 
is  favorable  if  the  demonstration  that  a  metal-only  waste  package  can  meet 
the  containment  objectives  proves  too  difficult. 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  six  candidate  metallic  container  materials  for  the  waste  package  are 
introduced  and  discussed  in  Section  7.4.2  on  metal  barriers.   Representative 
mechanical  properties  and  the  metallurgical  industry  standard  composition 
ranges  are  given  in  Section  7.3  for  each  candidate  material.  The  post- 
emplacement  environmental  conditions  that  will  surround  the  containment  bar- 
rier are  discussed  in  Section  7.4.1;  the  geochemical  modeling  of  the  environ- 
ment is  described  in  Section  7.4.4.  The  waste  package  design  and  a  brief 
discussion  on  fabrication  and  welding  (or  other  closure)  processes  for  pro- 
ducing the  waste  package  are  given  in  Section  7.3. 

The  material  presented  in  Section  7.4.2  deals  with  experimental  work 
performed  by  the  Yucca  Mountain  Project  from  1983  to  1986  and  data  available 
from  other  published  sources.  A  large  portion  of  this  work  is  centered  on 
austenitic  stainless  steels  (including  some  work  on  austenitic  alloy  825), 
with  a  smaller  portion  centered  on  copper  and  its  alloys.  Although  the 
earlier  emphasis  was  on  the  austenitic  stainless  steels,  all  candidate 
materials  are  being  equally  considered  in  the  selection  process  for  the 
material  to  be  used  in  the  license  application  design. 
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Parameters 

Information  needed  from  other  information  needs  includes 

1.  The  candidate  container  materials  (Information  Need  1.4.1,  Sec- 
tion 8.3.5.9.1) . 

2.  The  design  features  that  influence  container  material  selection  and 
performance  of  the  container  material  (Information  Need  1.4.1). 

3.  Characterization  of  the  as-emplaced  container  with  respect  to  its 
mechanical  microstructural,  and  physical  properties  (Information 
Need  1.4.1) . 

4.  Scenarios  developed  to  describe  the  waste  package  near-field 
environment  (Information  Need  1.5.3,  Section  8.3.5.10.3). 

5.  Results  of  geochemical  modeling  calculations  to  give  the  chemical 
composition  and  speciation  of  solutions  that  may  contact  the 
container  (Information  Need  1.5.3). 

6.  Feasibility  of  using  a  waste  package  selected  from  one  of  the  three 
concept  classes  covered  in  the  alternative  barriers  investigations 
(Section  8.3.5.9.1.2)  (Information  Needs  1.4.1  and  1.10.2,  Sec- 
tion 8.3.4.2.2)  . 

The  following  data  are  to  be  obtained: 

1.  A  selection  of  the  metallic  container  materials  to  be  used  for 
advanced  design  analysis.   The  basis  on  which  the  selection  is  made 
and  the  methodology  used  in  carrying  out  the  process  are  parts  of 
this  information  need. 

2.  Analyses  of  the  different  degradation  modes  that  the  candidate 
container  materials  can  undergo  in  the  thermal  and  environmental 
conditions  expected  in  the  repository  after  waste  package 
emplacement . 

3.  A  laboratory  testing  program  centered  around  the  selected  material 
and  the  assessment  of  its  likely  degradation  modes.   The  results 
from  the  testing  program  are  used  in  modeling  activities  to  predict 
the  rates  at  which  the  different  degradation  modes  will  operate  in 
the  container  material. 

4.  A  laboratory  testing  program  conducted  to  evaluate  the  metallurgical 
condition  and  properties  of  the  full  size  container.   This  work  will 
be  conducted  only  on  the  selected  metal  barrier  alloy.  The  work 
will  consist  of  detailed  microstructural  and  microchemical  analyses 
as  well  as  corrosion  and  mechanical  properties  tests  on  coupons  cut 
from  the  container. 

The  work  in  this  information  need  is  divided  into  four  activities.   The 
irst  activity  concerns  the  process  for  selecting  the  material  for  the 
icense  application  design.   The  next  three  activities  are  specific  to  the 
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container  materials:   (1)  copper-based  materials,  (2)  austenitic  materials, 
and  (3)  material  systems  that  evolve  from  work  in  the  alternative  barriers 
investigations.  These  three  activities  deal  with  the  analyses  of  the 
different  degradation  modes  and  the  testing  program  needed  to  provide  data 
for  the  predictive  performance  models  in  Information  Need  1.4.3  (Sec- 
tion 8.3.5.9.3).   The  subactivities  described  in  the  material-specific 
activities  will  not  all  be  completed.   Some  of  the  analyses  for  each  material 
category  need  to  be  performed  to  provide  input  into  the  selection  process, 
but  the  full  range  of  testing  activities  and  modeling  activities  will  be 
carried  out  only  on  the  material  selected  for  the  final  design. 


8.3.5.9.2.1  Activity  1.4.2.1:   Selection  of  the  container  material  for  the 
license  application  design 

This  activity  is  focused  on  selection  of  the  container  material  for  more 
detailed  characterization  of  its  properties  relevant  to  attaining  the 
performance  objectives  of  the  postemplaced  container.   This  activity  involves 
the  metallic  materials  and  ceramic-metal  systems,  bimetallic/single  metal 
systems,  and  coatings  and  filler  systems.   Two  subactivities  support  this 
activity. 


8.3.5.9.2.1.1  Subactivity  1.4.2.1.1:   Establishment  of  selection  criteria 
and  their  weighting  factors 

Objectives 

The  objective  of  this  subactivity  is  to  develop  a  methodology  to  select 
the  container  material  from  the  list  of  candidate  materials.  A  peer  review 
group  will  be  formed  to  review  this  methodology  and  its  use  to  arrive  at  the 
final  material  choice. 

Parameters 

The  following  is  a  preliminary  list  of  the  criteria  for  selecting  a 
container  material  for  the  license  application  design: 

1.  Which  material  will  meet  the  performance  allocated  to  the  container 
in  achieving  the  containment  objectives  (substantially  complete 
containment  under  anticipated  processes  and  events  occurring  in  the 
repository) ? 

a.  Resistance  to  oxidation. 

b.  Resistance  to  general  aqueous  corrosion. 

c.  Resistance  to  environmentally  accelerated  cracking  (stress 
corrosion  cracking  and  hydrogen  embrittlement) . 

d.  Resistance  to  pitting,  crevice,  or  other  localized  attack. 
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e.  Demonstration  of  adequate  mechanical  properties. 

f.  Resistance  to  mechanical  embrittlement . 

2.  Can  the  performance  of  the  material. under  repository  conditions  be 
adequately  predicted? 

a.  Predictability  of  physical  and  chemical  properties  of 
as-emplaced  container. 

b.  Existence  of  models  to  explain  and  predict  deqradation 
phenomena,  or  ability  to  develop  such  models. 

c.  Existence  of  models  to  extrapolate  laboratory  data  on  deqrada- 
tion phenomena  to  repository  time  scales  and  conditions,  or 
ability  to  develop  such  models. 

3.  Will  the  container  material  interact  favorably  with  other 
components? 

a.  Interactions  with  waste  form. 

b.  Interactions  with  borehole  liner. 

c.  Interactions  with  the  packaqe  environment. 

4.  Can  the  container  be  made  of  this  material? 

a.  Fabricability  of  container  body. 

b.  Weldability  of  container  (closeability  if  a  nonwelded  closure) . 

c.  Inspectability  of  closure. 

5.  Are  the  container  material  and  process  for  fabricatinq  it 
practicable? 

a.  Availability  of  container  material. 

b.  As-fabricated  container  costs. 

c.  Quality  control  requirements  (and  costs) . 

d.  Repository  handling  costs. 

6.  How  can  the  confidence  in  the  selection  be  gained? 

a.  Previous  engineering  applications  with  the  material. 

b.  Available  data  base  on  material. 

c.  Favorable  (or  unfavorable)  experiences  with  material. 

Weighting  factors  for  each  of  the  preceding  criteria  will  need  to  be 
-  established.   It  is  expected  that  criteria  1,  2,  and  4  will  have  the  heaviest 

weighting,  but  all  the  criteria  have  some  importance.  One  approach  is  to 
1  assign  a  maximum  number  of  points  to  each  item  in  the  criteria  list  and  a 

minimum  number  for  each  item  that  the  material  must  pass.  As  a  rather 
:  extreme  sample,  it  does  no  good  to  have  a  highly  corrosion  resistant  material 
;  that  cannot  be  fabricated  and  closed. 

Where  appropriate  and  available,  examples  of  methods  that  have  success- 
fully been  used  to  predict  longer  term  behavior  of  materials  from  short-term 
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laboratory  or  field  tests  will  be  used.   Examples  may  derive  from  atmospheric 
corrosion  testing,  marine  corrosion  testing,  underground  testing,  chemical 
process  industry  testing,  and  nuclear  and  fossil  fuel  power  plant  testing. 
These  examples  will  provide  information  to  some  of  the  items  listed  in 
criteria  2  and  6. 

Description 

Development  of  the  selection  criteria  and  organization  of  the  peer 
review  group  are  the  first  items  to  be  completed  in  this  subactivity.   The 
Yucca  Mountain  Project  will  use  its  own  staff  and  consultants  to  develop  the 
selection  criteria  and  weighting  factors.   The  selection  criteria  and 
weightings  will  then  be  reviewed  by  the  peer  review  panel.   Following 
revision,  if  necessary,  the  criteria  will  be  used  to  assess  the  candidate 
materials  and  select  a  material  or  materials.   The  peer  review  panel  will 
then  review  the  selection  assessments.   The  peer  review  panel  will  consist  of 
approximately  seven  individuals  with  backgrounds  in  different  areas  of 
metallurgy  and  materials  science  and  with  different  work  experiences  to 
achieve  a  balance  of  viewpoints  and  perceptions. 


8.3.5.9.2.1.2  Subactivity  1.4.2.1.2:  Material  selection 

After  the  review  panel  is  organized  and  selection  criteria  established, 
the  next  step  is  to  perform  the  selection.   Input  into  the  selection  process 
comes,  in  part,  from  (1)  the  Yucca  Mountain  Project  analyses  on  the  signif- 
icance of  different  possible  degradation  modes  (discussed  in  the  next  activ- 
ity) and  (2)  available  published  literature  concerning  the  performance  of 
candidate  materials  in  applications  and  environments  that  have  analogies  with 
expectations  of  conditions  in  the  proposed  Yucca  Mountain  repository.  De- 
pending on  the  outcome  of  the  selection  process,  the  Yucca  Mountain  Project 
may  elect  to  carry  more  than  one  material  forward  for  additional  characteri- 
zation for  the  license  application  design. 


8.3.5.9.2.2  Activity  1.4.2.2:  Degradation  modes  affecting  candidate 
copper-based  container  materials 

This  analysis  concerns  the  analysis  of  which  degradation  modes  have  any 
significant  chance  of  occurring  on  the  candidate  copper-based  materials  in 
the  postemplacement  periods  and  laboratory  testing  activities  to  provide 
information  for  the  modeling  activities  discussed  in  Information  Need  1.4.3 
(Section  8.3.5.9.3).  The  candidate  copper-based  materials  are  Copper 
Development  Association  (CDA)  102  (high-purity,  oxygen-free  copper) ,  CDA  613 
(aluminum  bronze),  and  CDA  715  (70/30  copper-nickel). 

Eight  subactivities  address  the  evaluation. 
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8.3.5.9.2.2.1  Subactivity  1.4.2.2.1:  Assessment  of  degradation  modes  in 
copper-based  materials 

Objectives 

The  objective  of  this  subactivity  is  to  evaluate  the  likelihood  of  each 
potential  degradation  mode  occurring  under  conditions  anticipated  at  Yucca 
Mountain. 

Parameters 

The  parameters  for  this  subactivity  are 

1.  Literature  data  documenting  the  causes  for  failure  of  this  class  of 
materials. 

2.  Interpretation  of  these  causes  of  failure  in  the  context  of  fabrica- 
ting a  container  (Information  Need  1.4.1,  Section  8.3.5.9.1)  and  em- 
placing  it  in  the  Yucca  Mountain  repository  (Information  Need  1.5.3, 
Section  8.3.5.10.3) . 

Description 

The  corrosion  and  oxidation  resistance  of  the  copper-based  material 
relies  first  of  all  on  the  electrochemical  nobility  of  copper  and  secondly  on 
the  formation  of  a  protective  surface  layer.  The  protective  layer  is  a  thick 
oxide  that  forms  on  the  copper-based  materials  and  acts  as  diffusion  barrier 
to  mass  transport.   Thus,  the  rates  of  oxidation  and  general  aqueous  corro- 
sion are  initially  high  but  become  progressively  lower  with  the  growth  of  the 
protective  layer.   The  rate  of  corrosion  or  oxidation  is  expected  to  be 
proportional  to  the  oxidation-reduction  potential  of  the  environment,  so  that 
the  oxidation  or  corrosion  rate  increases  with  an  increase  in  the  oxidizing 
nature  of  the  environment.  On  the  other  hand,  when  the  protective  layer  is 
broken,  the  underlying  metal  is  not  very  active  electrochemically .   Hence, 
active-path  corrosion  phenomena  (e.g.,  pitting  and  stress  corrosion  cracking) 
are  usually  not  as  severe  as  they  are  with  active-passive  materials  such  as 
the  austenitic  materials  when  the  passive  film  is  broken  on  these.  A  more 
complete  discussion  of  these  points  is  found  in  Section  7.4.2. 

Copper  and  its  alloys  do  have  their  vulnerabilities,  and  a  substantial 
part  of  the  laboratory  testing  program  is  focused  on  whether  these  vulnera- 
bilities are  substantive  in  the  context  of  conditions  at  Yucca  Mountain. 
There  are  three  areas  of  particular  concern: 

1.  The  formation  of  strongly  oxidizing  species  such  as  nitrogen  dioxide 
or  nitric  acid  in  irradiated  moist  atmospheres  is  expected  to 
increase  the  corrosion  rates  of  copper. 

2.  The  presence  of  ammonia,  which  can  be  formed  by  radiolysis  of  atmos- 
pheric gases  in  some  circumstances,  is  a  concern  because  it  forms 
very  soluble  complexes  with  copper  and  destroys  protective  films. 

As  a  consequence,  the  general  corrosion  rate  increases  substan- 
tially, and  ammonia  provokes  stress  corrosion  cracking  (trans- 
granular  crack  pattern)  in  copper  and  many  copper-based  alloys. 
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Other  chemical  species  have  been  implicated  in  causing  stress 
corrosion  cracking  in  copper-based  materials;  as  with  ammonia,  the 
role  of  these  species  is  probably  one  of  destabilizing  the  protec- 
tive film.  Whether  the  presence  of  any  of  these  or  similar  species 
would  be  significant  in  the  postemplacement  environment  at  a  Yucca 
Mountain  repository  needs  to  be  demonstrated. 

3.  The  presence  of  segregation  effects  in  the  long  term,  particularly 
if  there  is  segregation  of  the  less  noble  constituent  from  the 
copper,  creating  a  large  galvanic  cell  within  the  alloy.  The  segre- 
gation effects  may  be  of  concern  even  though  copper  and  the  two  can- 
didate alloys  appear  to  have  simple  metallurgical  microstructures . 

Classification  of  degradation  modes  generally  follows  from  the  morphol- 
ogy of  the  attack  (uniform,  localized,  stress-assisted,  embrittlement)  as 
indicated  earlier  in  the  material  under  the  issue-level  discussion.   For  the 
purposes  of  organizing  the  work  in  this  and  the  next  information  need,  the 
degradation  modes  have  been  placed  into  seven  groups.   This  grouping  is  based 
on  the  performance  models  discussed  in  Information  Need  1.4.3  (Sec- 
tion 8.3.5.9.3).  The  analysis  in  this  information  need  emphasizes  the 
vulnerabilities  of  the  materials,  and  much  of  the  effort  is  directed  toward 
establishing  how  much  these  vulnerabilities  matter  in  demonstrating 
performance  of  the  material. 

Seven  degradation  modes  of  copper  and  copper-based  alloys  are  being 
considered: 

1.  Metallurgical  aging  and  phase  stability. 

2.  Low  temperature  oxidation. 

3.  General  agueous  corrosion. 

4.  Hydrogen  entry  and  embrittlement. 

5.  Pitting,  crevice,  and  other  localized  attack. 

6.  Stress  corrosion  cracking. 

7.  Other  potential  degradation  modes. 

The  order  these  degradation  modes  were  presented  in  does  not  imply  a 
ranking  according  to  importance,  but  rather  was  developed  to  streamline  the 
discussion  in  this  and  the  next  Information  Need  (1.4.3).   In  summary,  this 
activity  reviews  the  pertinent  literature  on  the  different  copper-based 
material  degradation  modes  as  well  as  the  relevance  of  previous  Yucca 
Mountain  Project  laboratory  work  (Section  7.4.2).   This  activity  assesses  the 
potential  for  occurrence  of  each  mode  and  estimates  the  severity  of  attack. 
All  this  information  provides  input  to  the  container  material  selection 
(Activity  1.4.2.1,  Section  8.3.5.9.2.1). 


8.3.5.9.2.2.2  Subactivities  1.4.2.2.2  through  1.4.2.2.8:  Laboratory  test 
plan  for  copper-based  materials 

The  following  subactivities  cover  the  laboratory  test  plans  and  programs 
appropriate  to  each  of  the  enumerated  degradation  modes: 
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Subactivity  Degradation  mode 

1.4.2.2.2  Metallurgical  aging  and  phase  stability 

1.4.2.2.3  Low  temperature  oxidation 

1.4.2.2.4  General  aqueous  corrosion 

1.4.2.2.5  Hydrogen  entry  and  embrittlement 

1.4.2.2.6  Pitting,  crevice,  and  other  localized  attack 

1.4.2.2.7  Stress  corrosion  cracking 

1.4.2.2.8  Other  potential  degradation  modes 


These  subactivities  will  be  discussed  as  a  group  and  will  be  pursued 

(1)  according  to  which  material  is  selected  for  the  advanced  designs  and 

(2)  where  literature  review  and  analysis  indicate  the  need  to  obtain  data 
specific  to  Yucca  Mountain  conditions.   The  laboratory  test  plan  will  only  be 
carried  out  in  full  for  the  material (s)  selected  for  the  advanced  designs. 
The  sequence  of  these  major  activities  is  given  in  the  schedule  and  milestone 
section  at  the  end  of  this  information  need. 

Objectives 

For  the  selected  material,  the  objective  of  this  group  of  subactivities 
is  to  develop  and  implement  a  laboratory  test  plan  to  provide  information  to 
the  modeling  activities  in  Information  Need  1.4.3  (Section  8.3.5.9.3).   The 
test  plan  is  oriented  toward  quantifying  particular  degradation  modes  or 
proving  that  the  degradation  mode(s)  will  not  be  operative  under  conditions 
anticipated  at  the  Yucca  Mountain  repository. 

Parameters 

The  expected  important  parameters  for  each  of  the  degradation  modes  are 
listed  under  the  respective  activity  for  the  modeling  work  in  Information 
Need  1.4.3. 

Description 

The  plan  is  to  develop  an  experimental  approach  for  each  of  the  possible 
degradation  modes.   In  many  instances,  the  laboratory  investigations  are 
expected  to  be  performed  under  environmental,  metallurgical,  or  strain  condi- 
tions that  are  intentionally  made  more  severe  than  those  expected  to  occur  in 
the  repository  environment.   This  approach  is  used  to  accelerate  the  phenom- 
enon under  investigation  so  that  measurement  can  be  made  in  a  reasonable 
amount  of  laboratory  time  (hours,  days,  weeks,  months,  and  in  some  instances, 
up  to  a  few  years) .  Also,  confidence  in  the  modeling  activities  is  gained  by 
systematically  extending  the  period  of  observation  from  shorter  times  with 
more  aggressive  conditions  to  making  predictions  for  longer  times  with  less 
aggressive  conditions  and  then  performing  tests  under  these  conditions  for 
confirmation. 

A  technical  review  of  the  test  plans  and  procedures  will  be  conducted  to 
assess  the  adequacy  of  the  test  conditions  for  the  degradation  modes.   The 
review  will  be  intended  to  ensure  that  the  tests  cover  the  range  of  condi- 
tions anticipated  in  the  repository  over  the  period  of  concern. 
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This  approach  requires  sufficient  understanding  of  the  causative  mech- 
anisms for  each  of  the  degradation  modes  so  that  predictions  for  container 
failure  can  be  made,  as  stated  in  the  performance  goals  in  Issue  1.4  and 
consistent  with  the  required  confidence  level  (Table  8.3.5.9-1).   It  is 
further  recognized  that  several  of  the  degradation  modes  are  rather  closely 
related,  and  it  is  possible  that  one  or  more  can  be  operable  under  a  given 
set  of  conditions.   For  example,  aging  and  segregation  reactions  can  lead  to 
phases  that  create  local  electromechanical  cells  within  the  material. 

Experiments  will  be  performed  to  determine  the  nature  of  radiolytic 
products  in  the  water  or  air  that  may  be  deleterious  to  copper-based  alloys 
such  as  ammonia  and  other  nitrogen-bearing  compounds.   Localized  corrosion 
and  stress  corrosion  tests  in  water  and  vapor  containing  these  nitrogen- 
bearing  compounds  will  be  conducted.  A  criterion  for  selection  of  the  metal 
barrier  alloy  will  be  broad  resistance  to  these  types  of  attack.   Further 
details  are  provided  in  Sections  8.3.5.9.3.1.5  and  8.3.5.9.3.1.6. 

The  long-term,  low-temperature  oxidation  is  expected  to  condition  the 
surface  of  the  container  and  will  influence  all  the  other  subsequent  degra- 
dation modes.   These  points  are  also  taken  into  account  in  the  modeling 
activities. 

In  the  category  of  "other  potential  degradation  modes"  particular 
corrosion  and  mechanical  degradation  processes  are  possible,  but  unlikely, 
based  on  the  current  understanding  of  conditions  of  Yucca  Mountain.  With 
regard  to  high-purity  copper  (CDA  102) ,  the  possibility  of  low  temperature 
creep  has  been  discussed  previously  and  largely  discounted  because  of  the 
expected  use  of  a  somewhat  thicker  section  (2-3  cm)  for  a  container  fabri- 
cated from  this  material.  The  relatively  low  temperatures  that  will  occur  on 
the  container  surface  (maximum  peak  temperatures  in  the  range  of  230  to  250 °C 
for  the  spent  fuel  packages  with  highest  thermal  loading)  suggest  that  high- 
temperature  metallurgical  deformation  and  fracture  processes  are  not  signifi- 
cant.  The  possibility  of  a  major  change  in  the  waste  package  environment 
caused  by  the  multiplication  of  thermophilic  bacteria  has  been  raised.   Cop- 
per and  its  alloys  are  usually  resistant  (although  not  entirely  immune)  to 
microbiological  attack,  probably  because  of  the  toxicity  of  copper  compounds 
to  lower  life  forms.   To  some  extent  the  chemical  effects  of  microbiological 
propagation  can  be  evaluated  by  laboratory  testing  in  simulated  environments 
(for  example,  formation  of  sulfide  by  sulfate-reducing  bacteria  could  be 
important  for  copper-bearing  materials)  if  later  Project  analysis  indicates 
that  such  microbiological  entities  could  be  introduced  during  the  operational 
period  and  could  survive  in  the  thermal  environment  in  Yucca  Mountain.   Gal- 
vanic effects  will  also  be  evaluated. 

The  rationale  for  choosing  candidate  copper-based  alloys  is  described  in 
Section  7.4.2.9. 


8.3.5.9.2.3  Activity  1.4.2.3:   Degradation  modes  affecting  candidate 
austenitic  container  materials 

This  activity  concerns  the  analysis  to  determine  which  degradation  modes 
have  a  significant  chance  of  occurring  for  the  candidate  austenitic  materials 
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in  the  postemplacement  periods  and  laboratory  testing  activities  to  provide 
information  for  the  modeling  activities  discussed  in  Information  Need  1.4.3 
(Section  8.3.5.9.3).  The  candidate  austenitic  materials  are  AISI  types  304L 
and  316L  stainless  steels  and  the  nickel-base  austenitic  alloy  825. 

This  activity  consists  of  nine  subactivities. 


8.3.5.9.2.3.1  Subactivity  1.4.2.3.1:  Assessment  of  degradation  modes  in 
austenitic  materials 

Objectives 

The  objective  of  this  subactivity  is  to  evaluate  the  likelihood  of  each 
potential  degradation  mode  to  occur  under  conditions  expected  at  Yucca 
Mountain. 

Parameters 

The  parameters  for  this  subactivity  are  as  follows: 

1.  Literature  data  documenting  the  causes  for  failure  of  this  class  of 
materials . 

2.  Interpretation  of  these  causes  of  failure  in  the  context  of 
fabricating  a  container  (Information  Need  1.4.1,  Section  8.3.5.9.1) 
and  emplacing  it  in  the  Yucca  Mountain  repository  (Information 
Need  1.5.3,  Section  8.3.5.10.3). 

Description 

The  fundamental  feature  in  analyzing  the  behavior  of  the  candidate 
austenitic  materials  is  understanding  that  their  oxidation  and  corrosion 
resistance  depends  on  the  formation  and  maintenance  of  a  thin  but  protective 
passive  film  that  slows  down  the  reaction  rate  between  the  alloy  and  the 
environment.  Mechanical  or  chemical  processes  that  break  down  the  passive 
film  are  responsible  for  initiation  of  .degradation  modes.  Metallurgical 
reactions  in  the  alloy  fortify  or  weaken  the  stability  of  the  passive  film. 
Material  on  the  analysis  of  potential  degradation  problems  in  the  austenitic 
materials  is  given  in  Section  7.4.2. 

Classification  of  degradation  modes  generally  follows  from  the  morphol- 
ogy of  the  attack  (uniform,  localized,  stress-assisted,  embrittlement)  as 
indicated  earlier  in  the  material  under  the  issue-level  discussion.   For  the 
purpose  of  organizing  the  work  in  this  and  the  next  information  need,  the 
degradation  modes  have  been  placed  into  eight  groups.  This  grouping  is  based 
in  the  performance  models  that  are  discussed  in  Information  Need  1.4.3 
(Section  8.3.5.9.3)  . 

The  analysis  of  this  information  need  emphasizes  the  vulnerabilities  of 
the  materials,  and  much  of  the  effort  is  directed  toward  establishing  how 
much  these  vulnerabilities  matter  in  demonstrating  performance  of  the  con- 
tainer. The  three  prominent  vulnerabilities  of  the  austenitic  materials  that 
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are  important  in  understanding  the  degradation  modes  in  a  variety  of  natural 
and  chemical  environments  are  (1)  sensitivity  to  chloride  ion  in  the  environ- 
ment, (2)  tendency  toward  developing  sensitized  (chromium-depleted)  micro- 
structure,  and  (3)  metallurgical  metastability  of  austenite  in  the  two 
candidate  stainless  steels.   These  vulnerability  features  influence  the  eight 
degradation  modes  around  which  the  laboratory  testing  and  modeling  activities 
are  centered. 

The  austenitic  material  degradation  modes  are  the  following: 

1.  Metallurgical  aging  and  phase  transformations. 

2.  Low  temperature  oxidation. 

3.  General  agueous  corrosion. 

4.  Intergranular  attack  and  intergranular  stress  corrosion  cracking. 

5.  Hydrogen  entry  and  embrittlement . 

6.  Pitting,  crevice,  and  other  localized  attack. 

7.  Transgranular  stress  corrosion  cracking. 

8.  Other  potential  degradation  modes. 

As  noted  previously  in  the  discussion  of  the  copper-based  material,  the 
presentation  order  is  only  to  facilitate  the  discussion  of  the  important 
parameters  for  causing  the  particular  degradation  modes  and  does  not  indicate 
the  importance  of  the  particular  mode.   In  summary,  this  activity  reviews  the 
pertinent  literature  on  the  different  austenitic  material  degradation  modes, 
as  well  as  the  relevance  of  previous  Yucca  Mountain  Project  laboratory  work 
(Section  7.4.2).   The  activity  assesses  the  potential  for  occurrence  of  each 
mode  and  estimates  the  severity  of  attack.  All  this  information  provides 
input  to  the  container  material  selection  (Activity  1.4.2.1,  Sec- 
tion 8.3.5.9.2.1) . 


8.3.5.9.2.3.2  Subactivities  1.4.2.3.2  through  1.4.2.3.9:   Laboratory  test 
plan  for  austenitic  materials 

The  following  subactivities  cover  the  laboratory  test  plans  and  testing 
program  appropriate  to  each  of  the  potential  degradation  modes  just 
presented.  These  subactivities  will  be  discussed  as  a  group. 

Subactivity  Degradation  mode 

1.4.2.3.2  Metallurgical  aging  and  phase  transformations 

1.4.2.3.3  Low  temperature  oxidation 

1.4.2.3.4  General  aqueous  corrosion 

1-4.2.3.5  Intergranular  attack  and  intergranular  stress 

corrosion  cracking 

1-4.2.3.6  Hydrogen  entry  and  embrittlement 

1.4.2.3.7  Pitting,  crevice,  and  other  localized  attack 
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Subactivity  Degradation  mode 

1.4.2.3.8  Transgranular  stress  corrosion  cracking 

1.4.2.3.9  Other  potential  degradation  modes 

Subactivities  1.4.2.3.2  through  1.4.2.3.9  will  be  pursued  (1)  according 
to  which  material  is  selected  for  the  advanced  designs  and  (2)  literature 
reviews  and  analyses  that  indicate  the  need  to  obtain  data  specific  to  Yucca 
Mountain  conditions.  The  laboratory  test  plan  will  only  be  carried  out  in 
full  on  the  material (s)  selected  for  the  advanced  designs.   The  sequence  of 
the  major  activities  is  given  in  the  schedule  and  milestone  section  at  the 
end  of  this  information  need. 

Objectives 

For  the  selected  material,  the  objectives  of  this  group  of  subactivities 
is  to  develop  and  implement  a  laboratory  test  plan  to  provide  information  to 
the  modeling  activities  in  Information  Need  1.4.3  (Section  8.3.5.9.3).   The 
test  plan  is  oriented  toward  quantifying  a  particular  degradation  mode(s)  or 
proving  that  the  degradation  mode(s)  will  not  be  operative  under  conditions 
anticipated  at  the  Yucca  Mountain  repository. 

Parameters 

The  expected  important  parameters  for  each  of  the  degradation  modes  are 
listed  under  the  respective  activity  for  the  modeling  work  in  Information 
Need  1.4.3  (Section  8.3.5.9.3). 

Description 

The  plan  is  to  develop  an  experimental  approach  for  each  of  the  possible 
degradation  modes.   In  many  instances,  the  laboratory  investigations  are 
expected  to  be  performed  under  environmental,  metallurgical,  or  strain 
conditions  that  are  intentionally  made  more  severe  than  those  expected  to 
occur  in  the  repository  environment.   This  approach  is  used  to  accelerate  the 
phenomenon  under  investigation  so  that  measurement  can  be  made  in  a  reason- 
able amount  of  laboratory  time  (hours,  days,  weeks,  months,  and  in  some 
instances,  up  to  a  few  years) .  Also,  confidence  in  the  modeling  activities 
is  gained  by  systematically  extending  the  period  of  observation  from  shorter 
times  with  more  aggressive  conditions  to  making  predictions  for  longer  times 
with  less  aggressive  conditions  and  then  performing  tests  under  these  condi- 
tions for  confirmation. 

A  technical  review  of  the  test  plans  and  procedures  will  be  conducted  to 
assess  the  adequacy  of  the  test  conditions  for  the  degradation  modes.   The 
review  will  be  intended  to  ensure  that  the  tests  cover  the  range  of  condi- 
tions anticipated  in  the  repository  over  the  period  of  concern. 

This  approach  requires  sufficient  understanding  of  the  causative  mech- 
anisms for  each  of  the  degradation  modes  so  that  predictions  for  container 
failure  can  be  made,  as  stated  in  the  performance  goals  in  this  issue  (Ta- 
ble 8.3.5.9-1)  and  consistent  with  the  required  confidence  level  (highest  in 
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the  containment  period,  lower  in  the  postcontainment  period) .   In  addition, 
several  of  the  degradation  modes  are  rather  closely  related  to  one  another, 
and  it  is  possible  that  one  or  more  can  be  operable  under  a  given  set  of 
conditions.   For  example,  aging  and  transformation  reactions  can  lead  to 
phases  (e.g.,  martensite)  that  are  more  susceptible  to  one  of  the  degradation 
modes  (hydrogen  embrittlement)  than  the  parent  phase.   Some  theories  of 
transgranular  stress  corrosion  cracking  in  stainless  steels  ascribe  crack 
initiation  from  the  bottom  of  a  previously  formed  pit.   The  long-term,  low 
temperature  oxidation  is  expected  to  condition  the  surface  of  the  container 
and  will  influence  all  the  other  subsequent  degradation  modes.   These  points 
are  also  taken  into  account  in  the  modeling  activities. 

As  discussed  in  the  previous  section  on  degradation  modes  for  the 
copper-based  materials,  "other  potential  degradation  modes"  covers  the  cor- 
rosion and  mechanical  degradation  modes  that  appear  to  be  inconsistent  with 
the  present  understanding  of  conditions  in  the  Yucca  Mountain  repository. 
Creep  and  high-temperature  deformation  and  fracture  mechanisms  on  the  austen- 
itic  materials  appear  unlikely  because  of  the  higher  strength  (compared  with 
copper)  of  these  alloys  and  the  relatively  low  temperatures  that  will  develop 
in  the  near-package  environment.   Galvanic  effects  will  also  be  evaluated. 
Another  example  in  this  category  is  the  propagation  of  microbiological 
entities  that  could  exist  in  the  thermal  environment  after  waste  package 
emplacement  and  that  could  cause  significant  changes  in  the  chemical  nature 
of  the  environment.  With  regard  to  the  corrosion  of  stainless  steels,  some 
combination  of  circumstances  could  lead  to  aggressive  environmental 
conditions  that  could  result  in  the  formation  of  more  acidic  environmental 
conditions  that  would  intensify  pitting,  crevice,  stress  corrosion,  and 
possibly  hydrogen  enbrittlement  if  sulfuric  acid-forming  bacteria  could  be 
introduced  during  the  repository  operational  period,  if  a  sulfur-containing 
food  source  were  available,  and  if  the  bacteria  could  survive  the  long 
thermal  period  after  container  emplacement.  The  nickel-based  alloy  is  more 
resistant  to  acid  attack  (and  concentration  of  anionic  species  that  would 
also  occur) .   Bacteria  that  use  nitrogen  or  iron  as  food  sources  may  also 
attack  iron-based  materials.   To  some  extent  laboratory  testing  can  simulate 
the  chemical  effects  of  the  environment  modification  by  microbiological 
entities.   Further  analysis  of  whether  the  correct  conditions  for  micro- 
biological life  forms  would  ever  occur  in  Yucca  Mountain  will  be  evaluated 
before  initiation  of  this  work. 

One  of  the  reasons  for  exploring  the  use  of  alternative  container 
materials  and  designs  is  the  potential  occurrence  of  exceedingly  aggressive 
conditions  (such  as  those  discussed  previously)  so  that  any  of  the  candidate 
metals  could  not  be  successfully  demonstrated  to  withstand  these  conditions. 
This  is  discussed  in  the  next  activity. 


8.3.5.9.2.4  Activity  1.4.2.4:  Degradation  modes  affecting  ceramic-metal, 
bimetallic/single  metal,  or  coatings  and  filler  systems 

This  activity  concerns  potential  degradation  modes  that  can  affect  an 
alternative  waste  package  container  developed  under  the  alternate  barriers 
investigations,  and  the  testing  studies  needed  to  quantify  and  model  these 
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degradation  phenomena.   These  degradation  modes  will  apply  to  the  post- 
emplacement  periods  and  laboratory  testing  activities  to  provide  information 
for  the  modeling  activities  discussed  in  Information  Need  1.4.3  (Sec- 
tion 8.3.5.9.3) . 


8.3.5.9.2.4.1  Subactivity  1.4.2.4.1:  Assessment  of  degradation  modes 
affecting  ceramic-metal  systems 

Objectives 

The  first  objective  of  this  subactivity  is  to  evaluate  the  potential 
degradation  modes  that  are  likely  to  occur  in  waste  package  containers 
fabricated  from  ceramic-metal  systems  under  environmental  conditions  at  Yucca 
Mountain.   The  second  objective  of  this  subactivity  is  to  consider  the 
experimental  test  programs  needed  to  model  and  quantify  these  degradation 
phenomena.   The  ceramic-metal  container  may  be  pursued  as  an  option  if  the 
technological  feasibility  study  (Information  Need  1.4.1,  Section  8.3.5.9.1) 
indicates  such  an  alternate  package  is  feasible.   The  two  ceramics,  alumina 
(A1203)  and  titania  (Ti02)/  are  initial  candidates  because  of  their  excellent 
chemical  stability  in  many  aqueous  environments.   Other  ceramic  materials  may 
be  evaluated  if  they,  too,  are  chemically  resistant  and  if  they  meet  the 
containment  objectives. 

Parameters 

The  parameters  for  this  subactivity  are 

1.  Literature  data  documenting  the  modes  for  failure  of  candidate 
ceramic-metal  systems. 

2.  Interpretation  of  these  causes  of  failure  in  the  context  of 
fabricating  a  waste  package  container  (Information  Need  1.4.1, 
Section  8.3.5.9.1)  and  emplacing  it  in  the  Yucca  Mountain  repository 
(Information  Need  1.5.3,  Section  8.3.5.10.3). 

Description 

At  the  present  time,  the  degradation  modes  believed  to  be  significant 
are  (1)  chemical  dissolution  of  alumina  and  titania  under  repository 
environmental  conditions  and  (2)  delayed  crack  propagation  and  fracture 
driven  by  preexisting  residual  stresses  at  the  time  of  emplacement  and  by 
postemplacement  stresses. 

In  regard  to  corrosion,  the  Yucca  Mountain  repository,  located  more  than 
100  m  above  the  water  table,  presents  a  relatively  dry  environment.   Further- 
more, only  after  several  hundred  years  will  the  temperatures  of  most  of  the 
containers  have  declined  sufficiently  to  allow  water  condensation  and  the 
possibility  of  continuous  liquid  contact  with  the  container  surface.   This 
scenario  presents  a  very  challenging  problem  to  corrosion  considerations. 
Liquid  and  gas-phase  reactions,  as  well  as  radiolysis  effects  at  the  con- 
tainer surface,  must  be  taken  into  account. 
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Alumina  (A1203)  and  titania  (Ti02)  are  believed  to  exhibit  excellent 
corrosion  resistance  in  aqueous  environments  when  compared  with  other 
materials.   Both  of  these  compounds  have  been  studied  for  waste  containment 
application.   Bulk  corrosion  rates  on  the  order  of  1  x  10"1  to  1  x  10~4um/yr 
have  been  reported  and  are  very  encouraging.   However,  special  consideration 
must  be  given  to  the  more  localized  corrosion  of  ceramic  closures.   Closure 
composition  (metallic  versus  ceramic)  and  the  possibility  of  localized 
stress-corrosion  effects  will  be  taken  into  consideration. 

Fracture  via  delayed  crack  propagation  under  stress  is  believed  to  be  a 
more  limiting  property  of  these  ceramic  materials  than  is  bulk  corrosion. 
There  are  two  potential  fracture  sources  to  consider:  (1)  preexisting  defects 
at  the  time  of  emplacement  and  (2)  defects  formed  or  extended  by  expanding 
corrosion  products  after  emplacement. 

It  is  important  to  emphasize  that  slow  crack  growth  cannot  occur  without 
stress.  Of  paramount  importance  is  an  understanding  of  the  nature  and  magni- 
tude of  residual  stresses  in  the  container  at  the  time  of  emplacement  and  the 
stresses  imparted  by  the  repository  after  emplacement.  All  fabrication  and 
closure  methods  under  consideration  will  have  to  be  modeled  to  quantify 
residual  stresses.  Once  stress  levels  have  been  determined,  corrosion  con- 
tributions can  be  added  and  determinations  can  be  made  of  the  maximum  allow- 
able initial  defect  size  to  prevent  failure  over  a  given  life  span.  We 
expect  that  corrosion  factors  will  only  apply  in  the  case  of  tensile  or  shear 
stresses,  and  not  in  the  case  of  compression. 

For  low  levels  of  stress,  generation  of  crack  growth  data  for  the  long 
lifetimes  required  in  this  application  will  not  be  possible.   Extrapolations 
will  be  required  from  the  data  base  at  higher  levels  of  crack  velocity. 
Additional  data  may  be  required.   New  mechanisms  that  could  cause  accelerated 
growth  rates  at  lower  stress  must  be  considered.   Proof  testing  to  minimize 
delayed  crack  growth  uncertainties  will  need  to  be  considered. 

After  consideration  of  these  fracture-mechanic  studies,  safety  factors 
and  maximum-permissible  flaw  sizes  will  be  obtained.   The  plausibility  of 
detecting  flaws  on  the  order  of  the  maximum-permissible  flaw  size  using 
current  nondestructive  characterization  methods  will  be  investigated. 


8.3.5.9.2.4.2  Subactivity  1.4.2.4.2:   Laboratory  test  plan  for  ceramic-metal 
systems  of  the  alternate  barriers  investigations 

The  objective  of  this  group  of  subactivities  is  to  develop  and  implement 
a  laboratory  test  plan  to  provide  information  for  modeling  activities  in 
Information  Need  1.4.3  (Section  8.3.5.9.3).   The  test  plan  is  oriented  toward 
quantifying  particular  degradation  modes  or  showing  that  the  degradation 
modes  will  not  be  operative  under  conditions  anticipated  at  the  Yucca 
Mountain  repository. 

The  plan  is  to  develop  an  experimental  approach  for  each  of  the  possible 
degradation  modes.   In  many  instances  the  laboratory  investigations  are 
expected  to  be  performed  under  simulated  environmental  conditions  that  are 
intentionally  made  more  severe  than  those  expected  to  occur  in  the  repository 
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environment.  This  approach  is  used  to  accelerate  the  phenomenon  under 
investigation  so  that  measurement  can  be  made  in  a  reasonable  amount  of 
laboratory  time.   Confidence  in  the  modeling  activities  is  gained  by 
systematically  extending  the  period  of  observation  from  shorter  times  with 
more  aggressive  conditions  to  making  predictions  for  longer  times  with  less 
aggressive  conditions,  and  then  performing  tests  under  these  conditions  for 
confirmation. 

This  approach  reguires  an  understanding  of  the  mechanisms  for  each  of 
the  degradation  modes  so  that  predictions  for  container  failure  can  be  made, 
as  stated  in  the  performance  goals  in  Issue  1.4  and  consistent  with  the 
required  confidence  level  (Table  8.3.5.9-1).   It  is  further  recognized  that 
corrosion  and  delayed  fracture  are  closely  related,  and  it  is  possible  that 
one  or  more  can  be  operable  under  a  given  set  of  conditions. 

In  the  category  of  "other  potential  degradation  modes"  particular 
corrosion  and  mechanical  degradation  processes  are  possible,  but  unlikely, 
based  on  the  current  understanding  of  conditions  of  Yucca  Mountain. 


8.3.5.9.2.4.3  Subactivity  1.4.2.4.3:  Assessment  of  degradation  modes 
affecting  bimetallic/single  metal  systems 

Objectives 

The  objectives  of  this  subactivity  are  to  evaluate  the  likelihood  of 
each  potential  degradation  mode  occurring  under  conditions  anticipated  at 
Yucca  Mountain. 

Parameters 

The  parameters  for  this  subactivity  are 

1.  Literature  data  documenting  the  causes  for  failure  of  this  class  of 
materials. 

2.  Interpretation  of  these  causes  of  failure  in  the  context  of 
fabricating  a  container  (Information  Need  1.4.1,  Section  8.3.5.9.1) 
and  emplacing  it  in  the  Yucca  Mountain  repository  (Information 
Need  1.5.3,  Section  8.3.5.10.3). 

Description 

The  reason  for  choosing  a  waste  package  container  design  concept  that 
involves  the  use  of  two  different  metallic  alloys  is  to  be  able  to  match  the 
anticipated  performance  of  the  inner  container  and  outer  container  to 
environmental  conditions,  as  in  the  following: 

1.   Inner  container  —  The  material  will  be  chosen  for  long-term 

microstructural  and  mechanical  stability  and  corrosion  resistance  at 
lower  temperatures  where  significant  quantities  of  liquid  water  are 
possible. 
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2.  Outer  container  —  The  material  will  be  chosen  for  shorter-term 

microstructural  and  mechanical  stability  and  corrosion  resistance  at 
higher  temperatures  and  gamma  radiation  fields. 

The  inner  container  material  will  be  chosen  to  be  cathodic  to  the  outer 
container  material  for  additional  corrosion  protection  and  additional 
assistance  in  meeting  performance  goals. 

Since  neither  materials  for  the  inner  container  nor  the  outer  container 
have  been  chosen  at  this  time,  descriptions  of  detailed  analyses  for  possible 
degradation  modes  of  any  potentially  useful  bimetallic  combination  are 
premature.  However,  it  is  appropriate  to  point  out  that,  in  addition  to  any 
degradation  modes  inherent  to  the  candidate  materials  as  "single  metal 
barriers"  (discussed  in  Subactivities  1.4.2.2.1  and  1.4.2.3.1),  the  following 
factors  unigue  to  operation  of  bimetallic  (or  ceramic-metal)  systems  will  be 
carefully  analyzed  for  any  specific  choice  of  material  couple: 

1.  The  "corrosion  potentials"  of  the  metals,  MA  and  MB,  forming  the 
couple  under  conditions  anticipated  in  the  Yucca  Mountain 
repository. 

2.  The  nature  and  kinetics  of  the  cathodic  reaction  at  the  surface  of 
the  more  electropositive  metal,  and  the  nature  and  kinetics  of  the 
anodic  reaction  at  the  surface  of  the  more  electronegative  metal. 

3.  Operation  of  the  catchment-area  principle,  which  involves  the  direct 
proportionality  of  the  galvanic  corrosion  rate  to  the  area  of  the 
cathodic  metal,  under  conditions  of  the  galvanic  current  being 
limited  to  the  diffusion  rate  of  dissolved  oxygen  to  the  cathode. 

4.  The  nature  and  conductivity  of  the  impurity-laden  water  in  contact 
with  the  waste  package  container. 

The  reason  for  choosing  a  waste  package  container  design  concept  that 
involves  the  use  of  an  alternate  single  metallic  alloy,  such  as  a  nickel- 
based  corrosion-resistant  alloy,  or  one  of  the  newer  duplex  or  "super 
ferritic"  stainless  steels,  is  to  have  available  a  fully  characterized 
material  system  that  will  resist  much  higher  levels  of  water,  a  more 
aggressive  water  chemistry,  and  higher  mechanical  loads  than  are  presently 
anticipated. 

The  fundamental  feature  in  analyzing  the  behavior  of  candidate  alternate 
single  materials  is  understanding  that  their  oxidation  and  corrosion  resis- 
tance depends  on  the  formation  and  maintenance  of  a  thin  but  protective 
passive  film  that  slows  down  the  reaction  rate  between  the  alloy  and  the 
environment.  Mechanical  or  chemical  processes  that  break  down  the  passive 
film  are  responsible  for  initiation  of  degradation  modes.  Metallurgical 
reactions  in  the  alloy  fortify  or  weaken  the  stability  of  the  passive  film. 

Classification  of  degradation  modes  generally  follows  from  the 
morphology  of  the  attack  (uniform,  localized,  stress-assisted,  embrittle- 
ment) .   For  the  purpose  of  organizing  the  work  in  this  and  the  next  infor- 
mation need,  the  degradation  modes  have  been  placed  into  groups.   This 


3.5.9-82 


DECEMBER  1988 

grouping  is  based  on  the  performance  models  that  are  discussed  in  Information 
Need  1.4.3  (Section  8.3.5. 9.3) . 

The  plan  is  to  develop  an  experimental  approach  for  each  of  the  possible 
degradation  modes.   Laboratory  investigations  will  be  performed  under 
environmental,  metallurgical,  or  strain  conditions  that  are  intentionally 
made  more  severe  than  those  expected  to  occur  in  the  repository  environment, 
to  accelerate  the  phenomenon  under  investigation  so  that  measurement  can  be 
made  in  a  reasonable  amount  of  laboratory  time.   Confidence  in  the  modeling 
activities  is  gained  by  systematically  extending  the  period  of  observation 
from  shorter  times  with  more  aggressive  conditions  to  making  predictions  for 
longer  times  with  less  aggressive  conditions  and  then  performing  tests  under 
these  conditions  for  confirmation. 


8.3.5.9.2.4.4  Subactivity  1.4.2.4.4:  Laboratory  test  plan  for  bimetallic/ 
single  metal  material  systems 

The  following  subactivities  cover  the  laboratory  test  plans  and  testing 
program  appropriate  to  each  of  the  potential  degradation  modes.  These 
subactivities  are  discussed  as  a  group. 

Subactivity  Degradation  mode 

1.4.2.4.4.1  Metallurgical  aging  and  phase  transformations  in 

base  metals,  heat-affected  zones,  and  welds 

1.4.2.4.4.2  Low  temperature  oxidation 

1.4.2.4.4.3  General  aqueous  corrosion 

1.4.2.4.4.4  Intergranular  attack  and  stress  corrosion  cracking 

1.4.2.4.4.5  Hydrogen  entry  and  embrittlement 

1.4.2.4.4.6  Pitting,  crevice,  and  other  localized  attack 

1.4.2.4.4.7  Gamma  flux  effects 

1.4.2.4.4.8  Galvanic  effects  at  welds,  oxide-inclusions,  and 

surface  oxides 


Each  of  these  subactivities  will  be  pursued  according  to  (1)  the 
specific  choices  of  metallic  materials  selected  for  the  advanced  designs  and 
(2)  literature  reviews  and  analyses  that  indicate  the  need  to  obtain  data 
specific  to  Yucca  Mountain  conditions.   The  laboratory  test  plan  will  only  be 
carried  out  in  full  on  the  material (s)  selected  for  the  advanced  designs. 
The  sequence  of  the  major  activities  is  being  developed. 
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Objectives 

For  the  selected  material,  the  objectives  of  this  group  of  subactivities 
are  to  develop  and  implement  a  laboratory  test  plan  to  provide  information  to 
the  modeling  activities  in  Information  Need  1.4.3  (Section  8.3.5.9.3).   The 
test  plan  is  oriented  toward  quantifying  a  particular  degradation  mode(s)  or 
proving  that  the  degradation  mode(s)  will  not  be  operative  under  conditions 
anticipated  at  the  Yucca  Mountain  repository. 

Parameters 

The  expected  important  parameters  for  each  of  the  degradation  modes  will 
be  developed  once  choices  of  specific  metallic  materials  are  made. 

Description 

The  plan  is  to  develop  an  experimental  approach  for  each  of  the  possible 
degradation  modes.  The  laboratory  investigations  are  expected  to  be  per- 
formed under  environmental,  metallurgical,  or  strain  conditions  that  are  made 
more  severe  than  those  expected  in  the  repository  environment  to  accelerate 
the  phenomenon  under  investigation  so  that  measurement  can  be  made  in  a 
reasonable  amount  of  laboratory  time.   Confidence  in  the  modeling  activities 
is  gained  by  systematically  extending  the  period  of  observation  from  shorter 
times  with  more  aggressive  conditions  to  making  predictions  for  longer  times 
with  less  aggressive  conditions  and  then  performing  tests  under  these  condi- 
tions for  confirmation. 

This  approach  requires  sufficient  understanding  of  the  causative  mech- 
anisms for  each  of  the  degradation  modes  so  that  predictions  for  container 
failure  can  be  made,  consistent  with  the  required  confidence  level  (highest 
in  the  containment  period,  lower  in  the  postcontainment  per  : -    In  addi- 
tion, several  of  the  degradation  modes  are  rather  closely  r:   ted  to  one 
another,  and  it  is  possible  that  one  or  more  can  be  operab: i  j  der  a  given 
set  of  conditions. 


8.3.5.9.2.4.5  Subactivity  1.4.2.4.5:  Assessment  of  degradation  modes  in 
coatings  and  filler  systems 

Coatings  are  expected  to  be  either  ceramic  or  metallic.  Their  primary 
purpose  would  be  to  substantially  enhance  the  corrosion  resistance  of  metal 
containers.  We  do  not  expect  their  application  to  the  ceramic-metal  systems 
Coatings  must  demonstrate  closed  porosity  and  long-term  stability  in  regard 
to  substrate  adherence,  resistance  to  cracking,  and  corrosion  resistance. 

Fillers  (metal  or  nonmetallic)  will  provide  added  mechanical  support 
between  spent  fuel  elements  and  the  container.  Thermal  properties  must  be 
compatible  with  waste  package  design  regarding  maximum  waste-form  tempera- 
ture.  Fillers  should  also  provide  additional  long-term  protection  (post 
1,000-yr  performance)  against  corrosion  and  control  the  release  of 
radionuclides. 
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8.3.5.9.2.4.6  Subactivity  1.4.2.4.6:   Laboratory  test  plan  for  coatings  and 
filler  systems  of  the  alternate  barriers  investigations 

The  following  subactivities  cover  the  laboratory  test  plans  and  testing 
program  appropriate  to  each  of  the  potential  degradation  modes.   These 
subactivities  are  discussed  as  a  group. 

Subactivity  Degradation  mode 

1.4.2.4.6.1  Low  temperature  oxidation 

1.4.2.4.6.2  Metallurgical  stability  and  toughness  under 

repository  conditions 

1.4.2.4.6.3  General  aqueous  corrosion 

1.4.2.4.6.4  Hydrogen  entry  and  embrittlement 

1.4.2.4.6.5  Gamma  flux  effects 

1.4.2.4.6.6  Mechanical  degradation 

1.4.2.4.6.7  Galvanic  corrosion 

1.4.2.4.6.8  Localized  corrosion 


These  subactivities  will  be  pursued  according  to  (1)  which  coating  or 
filler  is  selected  for  the  advanced  designs  and  (2)  literature  reviews  and 
analyses  that  indicate  the  need  to  obtain  data  specific  to  Yucca  Mountain 
conditions.  The  laboratory  test  plan  will  only  be  carried  out  in  full  en  the 
material (s)  selected  for  the  advanced  designs.   The  sequence  of  the  major 
activities  is  given  in  the  schedule  and  milestone  section  at  the  end  of  this 
information  need. 

Objectives 

For  the  selected  material,  the  objectives  of  this  group  of  subactivities 
are  to  develop  and  implement  a  laboratory  test  plan  to  provide  information  to 
the  modeling  activities  in  Information  Need  1.4.3  (Section  8.3.5.9.3).  The 
test  plan  is  oriented  toward  quantifying  a  particular  degradation  mode(s)  or 
proving  that  the  degradation  mode(s)  will  not  be  operative  under  conditions 
anticipated  at  the  Yucca  Mountain  repository. 

Parameters 

The  expected  important  parameters  for  each  of  the  degradation  modes  will 
be  developed  once  choices  of  specific  materials  are  made. 
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Description 

The  plan  is  to  develop  an  experimental  approach  for  each  of  the  possible 
degradation  modes.   The  laboratory  investigations  are  expected  to  be  per- 
formed under  environmental,  metallurgical,  or  strain  conditions  that  are  more 
severe  than  those  expected  to  occur  in  the  repository  environment.   This 
approach  is  used  to  accelerate  the  phenomenon  under  investigation  so  that 
measurement  can  be  made  in  a  reasonable  amount  of  laboratory  time.   Confi- 
dence in  the  modeling  activities  is  gained  by  systematically  extending  the 
period  of  observation  from  shorter  times  with  more  aggressive  conditions  to 
making  predictions  for  longer  times  with  less  aggressive  conditions  and  then 
performing  tests  under  these  conditions  for  confirmation. 

This  approach  reguires  sufficient  understanding  of  the  causative  mecha- 
nisms for  each  of  the  degradation  modes  so  that  predictions  for  container 
failure  can  be  made,  consistent  with  the  reguired  confidence  level  (highest 
in  the  containment  period,  lower  in  the  postcontainment  period) .   In  addi- 
tion, several  of  the  degradation  modes  are  rather  closely  related  to  one 
another,  and  it  is  possible  that  one  or  more  can  be  operable  under  a  given 
set  of  conditions. 


8.3.5.9.2.5  Application  of  results 

The  results  of  this  information  need  are  used  in  the  scenario  and  model- 
ing activities  in  Information  Need  1.4.3  (Section  8.3.5.9.3),  which  in  turn 
provide  information  for  the  estimates  of  rates  and  mechanisms  of  container 
degradation  (Information  Need  1.4.4,  Section  8.3.5.9.4)  and  determination  of 
the  time  to  loss  of  substantially  complete  containment  (Information  Need 
1.4.5,  Section  8.3.5.9.5).   Because  alternative  materials  and  designs  are 
being  currently  pursued  to  meet  the  containment  objectives,  decisions  on 
material  selection  in  this  information  need  and  in  the  Design  Information 
Need  1.10.2  (Section  8.3.4.2.2)  will  determine  which  of  the  specific  testing 
and  modeling  activities  will  be  followed.   Further  compositional,  mechanical, 
and  microstructural  specifications  may  be  reguired  on  the  selected  container 
material  to  ensure  a  high  degree  of  precision  in  making  performance  predic- 
tions. These  will  be  established  by  the  testing  activities  in  this  infor- 
mation need  and  the  modeling  activities  in  the  next  information  need. 


8.3.5.9.3  Information  Need  1.4.3:   Scenarios  and  models  needed  to  predict 
the  rate  of  degradation  of  the  container  material 

Technical  basis  for  addressing  the  information  need 

This  information  need  combines  the  scenarios  and  conditions  for  the 
near-field  provided  by  Information  Need  1.5.3  (Section  8.3.5.10.3)  and  the 
performance  of  metal  materials  under  a  range  of  conditions  provided  by  Infor- 
mation Need  1.4.2  (Section  8.3.5.9.2).   Behavior  of  weld  metal  and  weld  heat- 
affected  zones  will  be  considered  in  addition  to  the  base  metal.  The  models 
developed  here,  together  with  data  developed  in  Information  Needs  1.4.1  and 
1.4.2  (Sections  8.3.5.9.1  and  8.3.5.9.2),  will  be  used  to  predict  the 
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performance  of  the  container  during  both  the  containment  period  and  the 
post containment  period. 

Deterministic  models  linked  to  the  relevant  degradation  modes  will  be 
developed  for  the  selected  specific  container  material  for  advanced  design 
work.   The  modeling  activities  discussed  in  Section  7.4.5.4.6  and  in  the 
remainder  of  this  section  will  be  based  on  physical,  chemical,  metallurgical, 
and  mechanical  parameters  covering  the  range  of  expected  repository 
conditions. 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  scenarios  and  conditions  for  container  degradation  are  derived  from 
the  information  onsite  geology  (Chapter  1),  hydrology  (Chapter  3),  geochemis- 
try (Chapter  4),  emplacement  environment  (Section  7.1),  waste  package  design 
(Section  7.3),  and  waste  package  postemplacement  environment  (Section  7.4.1). 
Some  of  the  scenarios  reguiring  analysis  will  arise  from  information  needs  of 
the  total  system  performance  assessment  (Issue  1.1),  which  is  discussed  in 
Section  8.3.5.13. 

Performance  assessment  models  that  will  be  used  to  predict  metal  barrier 
performance  are  discussed  in  Section  7.4.5.  Design  inputs  to  those  analyses 
appear  in  Section  7.3.   Details  of  activities  that  will  develop  waste  package 
process  models  that  will  be  implemented  in  performance  assessment  modeling 
appear  in  waste  package  environment  (Section  7.4.1),  metal  barrier  studies 
(Section  7.4.2),  and  geochemical  modeling  (Section  7.4.4).   Further  details 
are  provided  in  information  needs  under  Issues  1.5  (Section  8.3.5.10)  and 
1.10  (Section  8.3.4.2) . 

Parameters 

The  information  needed  from  other  information  needs  includes 

1.  Scenarios  developed  under  Information  Need  1.5.3  (Sec- 
tion 8.3.5.10.3)  to  describe  the  waste  package  near-field  environ- 
ment before  container  failure. 

2.  Results  of  geochemical  modeling  calculations  from  Information  Need 
1.5.3  to  characterize  the  chemical  composition  and  speciation  of  the 
solutions  that  might  contact  the  container. 

3.  The  container  design  characteristics  from  Information  Need  1.4.1 
(Section  8.3.5.9.1) 

4.  The  container  material  properties  from  Information  Need  1.4.2 
(Section  8.3.5.9.2) . 

The  output  parameters  for  container  performance  models  are  tools  that 
will  allow  the  performance  of  the  container  to  be  predicted  under  repository 
postemplacement  conditions. 

The  scenarios  developed  under  Information  Need  1.5.3  (Sec- 
tion 8.3.5.10.3)  will  define  the  range  of  conditions  that  correspond  to  the 
anticipated  processes  and  events  for  10,000  and  100,000  yr.   The  models 
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developed  here  will  be  used  in  combination  with  the  waste  package  performance 
assessment  code  to  provide  the  predictions  of  the  conditions  of  the  container 
for  the  first  1,000  yr  after  repository  closure  and  for  the  postcontainment 
period.  This  will  provide  the  information  needed  to  calculate  potential 
releases  from  waste  packages  during  the  containment  period  and  thereafter. 
The  parameters  used  in  the  performance  assessment  calculations  will  contain 
probabilistic  information. 

Logic 

Prediction  of  the  long-term  performance  of  the  metal  barrier  under 
repository  conditions  requires  that  all  significant  degradation  mechanisms  be 
identified  and  the  probability  of  their  occurrence  be  quantified.   For  all 
degradation  modes  that  might  be  significant,  a  physical-chemical  model  must 
be  developed  that  will  allow  extrapolation  of  data  gathered  in  the  laboratory 
to  the  times  and  conditions  relevant  to  the  repository.   In  many  instances, 
the  analysis  to  determine  whether  the  degradation  mode  might  occur  requires 
the  same  model  that  will  allow  prediction  of  long-term  behavior.  Thus,  in 
this  information  need,  activities  are  included  that  both  assess  the  relevance 
of  particular  degradation  processes  and  develop  models  to  describe  their 
action  under  repository  conditions.   The  tools  developed  under  this  infor- 
mation need  will  be  used  in  Information  Need  1.4.4  (Section  8.3.5.9.4)  to 
predict  the  condition  of  the  containers  as  a  function  of  time  for  both 
anticipated  processes  and  events  and  for  other,  low  probability  cases  for 
which  source  term  data  is  requested  by  the  total  system  performance  assess- 
ment task. 

There  are  three  activities  in  this  information  need.  The  first  covers 
the  investigation  of  copper-based  materials,  while  the  second  covers  the 
investigation  of  the  austenitic  materials.  After  alloy  selection,  only  one 
of  these  activities  will  continue,  and  only  one  (or  at  most  two)  material 
will  be  the  subject  of  intensive  study.  Other  members  of  the  alloy  family 
may  be  included  in  testing  activities  if  they  provide  insight  into  the 
behavior  of  the  candidate  materials.  The  third  activity  concerns  models  to 
predict  the  performance  of  an  alternative  material  system. 

The  modeling  activities  discussed  in  this  information  need  and  the 
laboratory  testing  activities  discussed  in  Information  Need  1.4.2  (Sec- 
tion 8.3.5.9.2)  are  closely  related.  They  are  both  described  in  fairly 
general  terms  in  this  document  with  much  greater  detail  to  be  provided  in  the 
laboratory  test  plan  that  will  be  written  for  the  material (s)  selected  for 
the  advanced  designs.  Particularly  for  localized  corrosion  and  stress 
corrosion  cracking  there  is  a  considerable  need  to  select  test  methods  as 
well  as  materials,  and  this  selection  is  best  left  until  after  the  final 
material  is  selected.  The  sequence  of  activities  is  indicated  in  the 
schedule  and  milestone  section  at  the  end  of  this  information  need. 


3.5.9.3.1  Activity  1.4.3.1:  Models  for  copper  and  copper  alloy 
degradation 

Seven  subactivities  support  this  evaluation. 
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8.3.5.9.3.1.1  Subactivity  1.4.3.1.1:  Metallurgical  aging  and  phase 
stability 

Objectives 

This  subactivity  will  examine  the  kinetics  of  segregation  effects  in  the 
high-purity  oxygen-free  copper  (CDA  102)  and  the  segregation  and  possible 
precipitation  kinetics  in  the  candidate  alloys  CDA  613  and  CDA  715.  The 
objective  is  to  determine  whether  any  significant  segregation  or  precipita- 
tion of  secondary  phases  could  occur  under  disposal  conditions;  if  they 
occur,  to  what  extent;  and  what  the  conseguences  of  these  reactions  are  on 
induced  embrittlement  or  enhanced  susceptibility  of  the  metal  to  corrosion 
processes. 

Parameters 

Information  needed  from  other  information  needs  includes 

1.  Description  of  the  near-field  waste  package  environment  (especially 
the  projections  of  time-temperature  profiles) . 

2.  Laboratory  data  on  the  kinetics  of  phase  segregation  reactions. 

3.  Mechanical  properties  of  the  segregation  products. 

4.  Electrochemical  effect  of  segregation  products  on  the  base  metal. 

5.  Strain  in  the  container  body  material  and  in  the  heat-affected  zone 
around  the  closure. 

6.  Residual  stress. 

The  output  parameters  are  the  prediction  of  the  phases  that  might  be 
present  in  the  metal  container  and  the  abundance  of  those  phases  as  a 
function  of  time  and  repository  conditions. 

Description 

In  general,  there  are  fewer  considerations  (compared  with  those  for  the 
other  candidate  materials)  in  the  modeling  of  the  long-term  behavior  of  the 
copper  systems  because  of  the  simple  structure  of  the  materials.   Copper  has 
no  phase  transformations,  and  high-purity  copper  has  no  intentional  alloy 
constituents.   The  main  concerns  are  (1)  the  possibility  of  segregation  in 
the  copper  alloys  over  long  periods  of  time  and  the  effects  of  this  on  corro- 
sion performance  and  (2)  the  precipitation  of  minor  alloy  constituents,  such 
as  iron  in  CDA  715  and  tin  in  CDA  613,  and  their  effects  on  corrosion  and 
embrittlement.  The  aluminum  content  in  CDA  613  approaches  the  solubility 
limit,  and  the  effect  of  other  alloy  constituents  may  favor  the  precipitation 
of  second  phases  in  this  alloy  under  some  conditions. 

This  activity  will  first  assess  the  possibility  for  alloy  constituent 
precipitation  and  segregation  in  the  alloys.   If  any  of  these  separation 
effects  are  found  to  be  likely,  then  an  appropriate  nucleation  or  diffusion- 
based  model  for  the  separation  will  be  developed.   Results  from  this  model 
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will  then  be  used  with  the  models  for  other  degradation  modes  (such  as  pit- 
ting corrosion  and  stress  corrosion)  to  assess  the  potential  for  container 
degradation.   For  high-purity  copper  it  may  be  necessary  to  model  the  low 
temperature  creep  of  the  material  because  of  the  comparatively  low  strength 
of  pure  copper.  Although  the  waste  package  will  not  be  under  large  static 
loads  in  the  environment  expected  at  Yucca  Mountain,  the  thicker  walls 
considered  for  a  pure  copper  container  may  create  sufficient  self  loading  to 
allow  significant  low  temperature  creep  over  very  long  times.  Again,  the 
first  step  will  be  to  assess  the  need  for  the  model  and,  if  necessary, 
develop  the  model.   It  may  be  advantageous  to  add  a  small  amount  of  deoxi- 
dizer  (e.g.,  phosphorus,  beryllium,  aluminum,  chromium,  and  rare  earth 
elements)  to  the  high-purity  copper  to  prevent  oxygen  pickup  during  hot 
working  or  welding.   In  this  instance,  a  model  for  the  long-term  effect  of 
the  deoxidizing  element  in  the  metallurgical  microstructure  may  be  needed. 


8.3.5.9.3.1.2  Subactivity  1.4.3.1.2:   Low-temperature  oxidation 

Objectives 

The  objectives  of  this  subactivity  are  to  (1)  determine  the  amount  of 
metal  loss  by  oxidation  and  the  rate  law  explaining  the  oxidation  behavior  of 
the  copper-based  material  over  the  relevant  times  and  temperatures  for  the 
repository  and  (2)  characterize  the  oxide  or  other  protective  layer  formed. 

Parameters 

The  information  needed  from  other  information  needs  includes 

1.  Results  of  weight  loss  or  gain  tests  under  relevant  time-temperature 
conditions. 

2.  Description  of  the  container  environment. 

3.  Description  of  oxidation  product  layers. 

4.  Effect  of  radiation  on  moist  air. 

The  output  parameters  are  rate  laws  for  the  degradation  of  the  metal  by 
oxidation  and  a  model  for  predicting  the  behavior  of  oxide  layers  under 
repository  conditions.  Occasionally,  depending  on  environmental  species 
present,  other  anionic  species  are  incorporated  into  the  oxidation  product, 
so  that  a  basic  copper  nitrate,  basic  copper  carbonate,  basic  copper 
chloride,  or  basic  copper  sulfate  is  found  in  the  oxidation  product  layers. 

Description 

Tests  will  be  conducted  under  Information  Need  1.4.2  (Section  8.3.5.9.2) 
to  determine  the  rates  of  oxidation  over  the  temperature  range  of  interest. 
These  data  will  be  used  to  develop  a  model  for  the  oxidation  process  under 
Yucca  Mountain  conditions.  Of  particular  concern  with  copper  and  copper- 
based  alloys  is  the  rate  of  oxidation  that  will  occur  in  the  time  period  just 
after  emplacement  when  both  the  temperature  and  the  radiation  dose  rate  is 
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highest.  Radiolysis  of  the  expected  moist  atmosphere  can  produce  oxides  of 
nitrogen  that  could  cause  high  oxidation  rates  and  formation  of  nonprotective 
oxides.   The  limited  amount  of  testing  performed  in  a  high  gamma  radiation 
field  thus  far  (discussed  in  Section  7.4.2)  does  not  indicate  excessive 
oxidation  rates. 

Oxidation  studies  performed  on  copper  and  copper-based  alloys  at  temper- 
atures generally  less  than  300°C  (low-temperature  oxidation)  indicate  that 
the  oxide  growth  kinetics  follow  a  cubic  (or  higher  order)  rate  law.   The 
oxide  layer  is  dominant ly  Cu20.  No  indications  of  spilling  or  exfoliation  of 
the  oxide  are  given.  Very  little  information  on  oxidation  in  the  presence  of 
gamma  radiation  is  available. 

The  main  work  in  the  oxidation  studies  will  most  probably  involve 
characterizing  the  properties  of  the  oxide  that  would  develop  on  the  con- 
tainer surface  during  the  long  period  when  the  surface  temperature  is  above 
the  boiling  point  of  water  and  the  environment  is  relatively  dry.   This  oxide 
film  then  establishes  the  surface  characteristics  of  the  metal  when  the 
temperature  has  cooled  enough  that  liguid  water  can  enter  the  near-package 
environment. 


8.3.5.9.3.1.3  Subactivity  1.4.3.1.3:  General  aqueous  corrosion 

Objectives 

The  objective  of  this  subactivity  is  to  determine  the  amount  of  metal 
loss  by  general  aqueous  corrosion  and  to  establish  whether  a  uniform  pattern 
of  attack  occurs.  Aqueous  corrosion  can  occur  when  a  more  or  less  continuous 
moisture  film  is  present  on  the  container  surface  or  when  some  portion  of  the 
container  surface  is  immersed  in  water. 

Parameters 

The  information  needed  from  other  information  needs  includes 

1.  Results  of  weight  loss  tests. 

2.  Description  of  the  environment  near  the  waste  package  surface. 

3.  Description  of  corrosion  product  layers. 

4.  Chemical  modeling  of  solution  composition. 

5.  Radiolysis  effects  in  aqueous  media. 

The  output  parameters  are  estimates  of  the  wastage  of  the  metal  con- 
tainer that  can  occur  during  the  containment  and  postcontainment  periods. 
The  Project  would  like  to  be  able  to  characterize  both  oxidation  and  general 
aqueous  corrosion  well  beyond  the  thousand-year  postclosure  period.  Most  of 
the  container  surface  will  still  be  present  in  this  period,  and  could  thus 
provide  a  catchment  location  for  water.  The  controlled  release  rate  models 
for  radioactive  nuclides  will  depend  on  the  potential  of  the  container  to 
affect  water  movement  to  and  from  the  waste  form. 
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Description 

Many  of  the  same  points  of  discussion  made  on  the  low-temperature  oxida- 
tion of  copper  and  copper-based  alloys  apply  to  the  discussion  on  general 
aqueous  corrosion.   Indeed,  it  is  difficult  to  draw  a  hard  line  between 
oxidation  and  corrosion,  and  from  the  point  of  view  of  model  development, 
many  of  the  same  features  will  be  found  in  both  phenomena.  An  important  link 
between  corrosion  and  oxidation  is  development  of  a  thin-film  electrolyte 
model  where  the  "dry"  oxidation  case  is  given  by  the  limit  of  a  zero  thick- 
ness film.  Because  an  electrolyte  is  present  in  the  aqueous  corrosion  case, 
the  model  is  amenable  to  experimental  verification  by  measurements  of  corro- 
sion potentials  and  corrosion  currents. 

The  characterization  of  the  corrosion  product  layers  in  general  aqueous 
corrosion  is  also  important  to  establish  whether  the  patinas  formed  on  a 
corroding  copper  surface  are  protective.   In  addition,  the  oxide  (including 
whatever  anionic  species  may  be  incorporated  with  it)  characteristics  (e.g., 
composition,  thickness,  and  defect  structure)  govern  its  behavior  with  regard 
to  models  for  localized  corrosion  and  stress  corrosion.  Models  for  these 
nonuniform  kinds  of  corrosion  will  include  the  treatment  of  the  breakdown  and 
repair  of  protective  films  or  layers  on  the  metal  surface. 

Tests  will  be  conducted  under  Information  Need  1.4.2  (Section  8.3.5.9.2) 
to  determine  the  rates  of  general  corrosion  over  the  range  of  temperature  and 
water  composition  that  could  be  expected  in  the  repository.   These  data  will 
be  used  to  develop  a  model  for  the  corrosion  process  under  Yucca  Mountain 
conditions.  The  general  features  of  the  model  will  include 

1.  Prediction  of  the  oxidation-reduction  potential  in  the  environments 
of  interest. 

2.  Prediction  of  the  corrosion  potential  for  the  metal  in  the 
environments  of  interest. 

3.  Prediction  of  the  corrosion  current  (and  hence  the  corrosion  rate) 
as  a  function  of  potential. 

The  oxidation-reduction  potential  is  a  measure  of  the  oxidizing  or 
reducing  nature  of  the  environment,  and  the  corrosion  potential  is  a  measure 
of  the  response  of  the  metal  to  the  environmental  oxidation-reduction  poten- 
tial. This  model  will  establish  boundaries  for  the  possible  range  of  cor- 
rosion potentials  as  a  function  of  temperature  and  the  nature  and  concentra- 
tion of  chemical  species  in  the  water  (including  effects  of  pH  and  dissolved 
atmospheric  gases) .  Also,  the  residual  effect  of  radiolysis  in  the  environ- 
ment will  be  considered.  By  the  time  the  temperature  permits  liquid  water  in 
the  near-package  environment,  the  radiation  field  is  expected  to  have  decayed 
to  a  level  at  which  radiolysis  effects  are  small.   The  model  for  corrosion 
potentials  will  also  be  related  to  models  being  developed  for  localized  cor- 
rosion, hydrogen  embrittlement,  and  stress  corrosion.   Prediction  of  corro- 
sion susceptibility  depends  on  the  values  of  the  critical  potentials  required 
to  initiate  and  propagate  these  kinds  of  corrosion  relative  to  the  value  of 
the  corrosion  potential. 
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8.3.5.9.3.1.4  Subactivity  1.4.3.1.4:   Hydrogen  entry  and  embrittlement 

Objectives 


The  objective  of  this  subactivity  is  to  assess  what  level  of  hydrogen  in 
copper-based  materials  is  necessary  to  cause  embrittlement  of  the  material 
and  to  significantly  affect  other  degradation  rates  and  mechanisms.  The 
subactivity  will  then  examine  the  environmental  conditions  at  Yucca  Mountain 
to  determine  whether  that  amount  of  hydrogen  could  conceivably  enter  the 
metal  structure.   If  the  required  hydrogen  would  be  available,  the  necessary 
laboratory  studies  will  be  conducted  under  Information  Need  1.4.2  and  a  model 
developed  in  this  subactivity  to  determine  the  effects  of  hydrogen 
embrittlement . 

Parameters 


The  information  needed  from  other  information  needs  includes 

1.  Hydrogen  production  rate  by  radiolysis  and  corrosion. 

2.  Hydrogen  recombination  rate  by  all  processes. 

3.  Maximum  rate  of  hydrogen  entry  into  the  alloy. 

4.  Maximum  concentration  of  hydrogen  in  the  alloy. 

5.  Phase  structure  of  the  alloy. 

6.  Effects  of  hydrogen  in  copper-based  materials. 

The  assessment  of  hydrogen  effects  centers  around  a  bounding  calculation 
:or  the  maximum  availability  of  atomic  hydrogen  at  the  metal  surface. 
(Molecular  hydrogen  does  not  diffuse  into  the  metal.)   The  analysis  will 
:onsider  both  the  external  and  internal  container  environments.   The  latter 
.s  necessary  because  some  fuel  rods  that  breached  in  reactor  service  may 
contain  water  that  would  be  released  to  the  container  inner  atmosphere  under 
lisposal  conditions. 

The  model  will  consider  the  maximum  rate  of  hydrogen  permeation  in  the 
:\etal  (i.e.,  the  net  result  of  hydrogen  entry  and  loss  by  outward  diffusion), 
'he  total  trapped  hydrogen  will  be  compared  with  the  level  that  produces 
;ignificant  effects  on  the  container  material  performance  under  Yucca  Moun- 
ain  conditions.   If  the  amount  of  trapped  hydrogen  is  less  than  the  critical 
evel,  no  further  work  will  be  done.   If  the  amount  is  greater,  the  effects 
>f  the  hydrogen  will  be  assessed.  An  early  determination  concerning  the 
probability  for  embrittlement  of  copper  should  be  possible  and  no  further 
"ork  will  be  needed. 

One  particular  effect  that  occurs  in  high-purity  copper  is  that  of 
hydrogen  sickness."  This  is  caused  by  the  copper  picking  up  oxygen  during  a 
lot  forming  or  welding  operation.   The  oxygen  forms  oxides  in  the  copper  that 
;re  unstable  in  the  presence  of  a  hydrogen-containing  environment.   The 
result  is  formation  of  water  vapor  blisters  in  the  copper.  Addition  of  a 
'mall  amount  of  deoxidizing  element  (e.g.,  aluminum,  phosphorus,  beryllium, 
chromium,  and  rare  earths)  to  the  copper  appears  to  prevent  hydrogen 
' ickness. 
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8.3.5.9.3.1.5  Subactivity  1.4.3.1.5:   Pitting,  crevice,  and  other  localized 
attack 

Objectives 

The  objective  of  this  subactivity  is  to  determine  whether  the  necessary 
environmental  conditions  will  exist  to  initiate  pitting,  crevice,  or  other 
localized  corrosion  attack  under  Yucca  Mountain  repository  conditions.   If 
pitting  or  crevice  corrosion  were  predicted  to  occur,  then  the  rate  of  propa- 
gation of  the  attack  would  be  determined.  Another  kind  of  localized  attack 
that  is  specific  to  some  copper-based  alloys  is  selective  leaching  of  the 
less  noble  constituent  (aluminum  from  aluminum  bronze,  nickel  from  copper- 
nickel)  .   Therefore,  this  activity  will  assess  whether  selective  leaching 
could  occur  in  the  repository  environment. 

Parameters 

The  information  needed  from  other  information  needs  includes 

1.  Near-field  waste  package  environment  conditions,  especially  the 
concentration  of  ions  known  to  favor  these  modes  of  attack. 

2.  Quantities  of  electrolyte  needed  to  set  up  localized  corrosion 
cells. 

3.  Temperature. 

4.  Solution  pH. 

5.  Metal  microstructure. 

6.  Corrosion  potential. 

7.  Pitting  (and  other  critical  potentials). 

Description 

Pitting  attack  occurs  when  the  temperature  and  aggressive  ion  concen- 
trations are  sufficiently  high  and  the  pH  sufficiently  low  to  cause  localized 
corrosion  cells  to  initiate  and  propagate  on  the  metal  surface.  The  metal 
microstructure  can  also  be  important  because  it  can  lead  to  local  breakdown 
of  the  passive  corrosion  films  and  to  the  establishment  of  galvanic  cells. 
Precipitates  and  inclusions  can  be  particularly  important  in  favoring  pitting 
corrosion.  The  ions  of  concern  for  copper  and  its  alloys  are  sulfide  and 
certain  heavy  metal  ions  (e.g.,  ferric  and  manganese).   These  ions  are  not 
present  in  the  waters  beneath  Yucca  Mountain  in  significant  guantities,  and 
they  are  not  expected  to  be  present  in  the  vadose  water  at  levels  great 
enough  to  cause  concern.   (These  species  could  possibly  be  introduced  during 
the  repository  construction  and  operational  periods.)   Metallurgical  effects 
on  localized  corrosion  initiation  will  be  assessed;  these  include  inclusions 
in  the  metal,  precipitation  reactions  in  the  metal,  and  segregation 
reactions. 
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The  model  for  pitting  corrosion  will  determine  critical  values  for  the 
electrochemical  potential  above  which  pitting  occurs  and  will  determine 
whether  this  potential  could  be  reached  in  the  system  under  anticipated  Yucca 
fountain  conditions. 

Crevice  corrosion  is  not  commonly  observed  in  copper  and  copper-based 
illoys,  but  a  full  assessment  of  whether  it  can  occur  under  repository 
:onditions  will  be  undertaken.  Models  for  crevice  corrosion  will  use 
tritical  potential  analysis  combined  with  an  analysis  for  the  potential  for 
)ropagation  of  the  crevice  attack.   The  latter  analysis  will  use  the  crevice 
feometry  and  the  local  chemical  conditions  as  its  basis.   The  data  for  this 
nodel  development  will  be  collected  in  activities  described  under  Information 
feed  1.4.2  (Section  8.3.5.  9.2)  . 

Selective  leaching  effects  are  possibly  tied  to  the  segregation  effects 
. n  alloys  or  to  codissolution  of  both  the  copper  and  other  alloy  constituents 
frith  later  redeposition  of  the  copper  as  a  sponge-like  material.   Selective 
beaching  effects  are  most  commonly  associated  with  copper-zinc  alloys;  of  the 
candidate  materials,  the  aluminum  bronze  would  appear  to  have  the  greatest 
: usceptibility  because  of  the  large  electrochemical  potential  between  copper 
end  aluminum.   However,  the  expected  oxidizing  conditions  in  the  repository 
i ould  be  expected  to  passivate  the  alloy  and  mitigate  against  selective 
'leaching.   This  will  need  to  be  demonstrated.   Severe  metallurgical  or 
environmental  inhomogeneity  could  conceivably  initiate  and  drive  a  selective 
leaching  reaction.   Selective  leaching  effects  are  also  potential  dependent, 
nd  so  a  model  for  this  kind  of  localized  attack  will  be  based  on  analyses  of 
ritical  potentials  for  initiating  and  propagating  the  phenomenon. 

The  probability  of  localized  forms  of  corrosion  appears  to  be  of  lesser 
concern  than  other  corrosion  and  degradation  mechanisms  for  copper-based 
naterials.  Any  modeling  activities  undertaken  for  these  materials  will 
cstermine  the  critical  potential  over  a  wide  range  of  environmental  condi- 
tions and  alloy  compositions,  and  relate  those  potentials  to  the  expected 
:ange  of  conditions  for  the  repository  and  for  the  as-assembled  container. 
:iiccessful  validation  of  the  model  in  water  with  relatively  high  ionic 

intents  will  add  confidence  to  the  extrapolations  needed  to  reach  the 

spected  repository  conditions  of  low  ionic  contents. 


.3.5.9.3.1.6  Subactivity  1.4.3.1.6:   Stress  corrosion  cracking 

^)jectives 

The  objective  of  this  subactivity  is  to  determine  the  potential  for 
3  .ress  corrosion  cracking  to  occur  under  the  repository  disposal  conditions, 
aid  if  it  occurs,  to  provide  a  prediction  for  the  rate  of  crack  initiation 
id  growth. 
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Parameters 

The  information  needed  from  other  information  needs  includes 

1.  Ammonia  concentrations  that  could  contact  the  container. 

2.  Temperature. 

3.  Stress  (and  stress  intensity). 

4.  Alloy  segregations. 

5.  Other  ions  in  solutions. 

6.  Corrosion  potential. 

7.  Critical  potential  for  crack  initiation. 

Description 

By  far  the  most  important  documented  failures  and  research  investi- 
gations on  stress  corrosion  cracking  (SCC)  of  copper  and  its  alloys  are  in 
ammonia  and  ammonia-containing  environments.  Ammonia  (and  ammonium  ion,  and 
in  some  instances,  organic  compounds  that  decompose  to  form  ammonia)  form 
highly  soluble  complexes  with  copper.   These  complexes  destabilize  the  other- 
wise protective  patinas  on  copper  in  most  environments  and  create  very  active 
sites  where  the  stressed  protective  layer  is  broken  and  rapid  anodic  dissolu- 
tion occurs  to  initiate  the  crack.  Ammonia  is  effective  in  initiating  SCC  in 
the  most  susceptible  materials  (brasses)  at  small  concentrations.  There  are 
possible  occurrences  for  ammonia  formation  in  the  waste  package  environment. 
For  example,  radiolysis  of  atmospheric  gases  (N2  and  H20)  could  produce  NH3 . 
Although  the  dominant  oxidizing  conditions  are  thought  to  mitigate  against 
significant  ammonia  formation,  ammonia  could  form  as  a  transient  species  and 
be  present  on  the  container  surface  in  sufficient  amounts  and  for  sufficient 
times  to  initiate  cracking.   Experimental  determination  of  these  critical 
concentrations  and  times  can  be  compared  with  calculations  of  the  radiolysis 
reaction  yield  rates  for  ammonia. 

Ammonia  could  also  possibly  form  inside  those  waste  package  containers 
containing  water-logged  spent  fuel.  Even  though  the  spent  fuel  water  pack- 
ages will  be  backfilled  with  argon,  nitrogen  will  be  present  as  an  impurity, 
and  irradiation  of  the  internal  atmosphere  can  produce  ammonia,  particularly 
since  the  absence  of  oxidizing  conditions  will  favor  a  longer  residence  time 
or  higher  concentrations  of  ammonia. 

The  usual  stress  corrosion  crack  propagation  mode  is  transgranular,  but 
occasionally  an  intergranular  path  is  observed.  Oxygen  (or  other  oxidizing 
species)  in  conjunction  with  ammonia  also  appears  to  be  necessary  for  crack 
formation  and  likely  influences  the  crack  path.   Segregation  effects  in  the 
alloys  (particularly  those  at  grain  boundaries)  would  influence  the  crack 
propagation  path,  as  will  the  stress  (or  stress  intensity)  to  maintain  crack 
growth.   Both  high-purity  copper  and  aluminum  bronze  are  quite  susceptible  t 
ammonia-induced  SCC;  copper-nickel  is  more  resistant  but  not  immune  to  SCC 
caused  by  ammonia. 

Besides  ammonia,  other  chemical  species  have  occasionally  been  impli- 
cated in  causing  SCC  in  copper  and  some  of  its  alloys.  Nitrite  ion  has  beer 
reported  to  cause  SCC  in  pure  copper;  the  vadose  water  associated  with  Yuccc 
Mountain  naturally  contains  nitrate  ion  and  radiolysis  of  atmospheric  nitro- 
gen may  produce  various  oxides  of  nitrogen.   In  the  presence  of  a  metal 
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container  (as  a  reducing  agent),  some  amount  of  nitrite  ion  is  likely  to  be 
produced. 

Many  of  these  important  environmental  and  metallurgical  parameters  can 
be  expressed  in  terms  of  critical  electrochemical  potentials  that  would 
correspond  to  SCC  initiation  and  propagation,  and  a  model  for  SCC  in  copper 
and  the  candidate  alloys  would  logically  begin  with  determination  of  these 
critical  potentials  in  ammonia-containing  environments  and  possibly  in  other 
environments  free  of  ammonia. 

The  addition  of  tin  (in  the  approximate  0.2  to  0.5  percent  range)  to 
commercial  aluminum  bronzes  is  important  to  prevent  SCC  in  steam  environ- 
ments.  The  CDA  613  and  614  grades  contain  tin  in  this  range. 

There  has  been  one  reported  occurrence  of  intergranular  cracking  of  a 
laboratory  heat  of  pure  70/30  copper-nickel  in  a  high  temperature  steam  en- 
vironment («300°C) .  This  might  have  been  caused  by  the  absence  of  alloy 
additions  (especially  iron)  that  are  present  in  the  commercial  version  of  the 
alloy.  This  occurrence  will  be  investigated  and  assessed.  The  role  of  small 
alloying  additions  may  need  to  be  investigated  further  if  one  of  the  copper 
alloys  is  selected  for  advance  designs  to  ensure  understanding  of  how  these 
additions  work. 


8.3.5.9.3.1.7  Subactivity  1.4.3.1.7:  Other  potential  degradation  modes 

This  subactivity  will  screen  other  potential  degradation  modes  not 
discussed  previously  to  determine  whether  there  is  a  cumulative  probability 
of  occurrence  greater  than  0.01  over  the  time  interval  of  interest.   If  the 
probability  exceeds  that  level,  a  model  will  be  developed  for  the  corrosion 
Dr  degradation  mode.  Examples  of  models  to  be  screened  are  mechanical 
fracture  (e.g.,  low  temperature  creep)  and  the  effect  of  microbiological 
activity  on  the  previously  discussed  corrosion  mechanisms.  Another  model  for 
a  possible  degradation  mode  involves  galvanic  interaction  of  the  metal 
container  with  other  metallic  components  in  the  engineered  barrier  system  and 
affiliated  repository  components.  As  mentioned  in  Section  8.3.4.2,  the 
Dorehole  liner  and  container  material  are  proposed  to  be  made  from  materials 
in  the  same  alloy  family  to  minimize  galvanic  effects. 


? 


3.3.5.9.3.2  Activity  1.4.3.2:  Models  for  austenitic  material  degradation 
The  following  eight  subactivities  support  this  evaluation. 
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8.3.5.9.3.2.1  Subactivity  1.4.3.2.1:  Metallurgical  aging  and  phase 
transformations 

Objectives 

This  subactivity  will  examine  the  kinetics  of  phase  transformations  in 
the  austenitic  materials  AISI  types  304L,  316L,  and  alloy  825.   The  objective 
is  to  determine  (1)  whether  phase  transformations  occur  under  disposal 
conditions;  (2)  if  they  occur,  to  what  extent;  and  (3)  the  conseguences  of 
these  phase  transformations  on  the  susceptibility  of  the  metal  to  degradation 
by  other  processes. 

Parameters 

The  information  needed  from  other  information  needs  includes 

1.  Description  of  the  near-field  waste  package  environment  (especially 
the  projections  of  time-temperature  profiles) . 

2.  Laboratory  data  on  the  kinetics  of  phase  transformation  reactions. 

3.  Mechanical  properties  of  the  transformation  products. 

4.  Alloy  composition  of  the  base  metal  and  the  weld  metal. 

5.  Strain  in  the  container  body  material  and  in  the  heat  affected  zone 
around  the  closure. 

6.  Residual  stress. 

The  output  parameters  are  the  prediction  of  the  phases  that  might  be 
present  in  the  metal  container  and  the  abundance  of  those  phases  as  a 
function  of  time  and  repository  conditions. 

Description 

This  subactivity  will  address  the  concern  that  metastability  in  some  of 
the  austenitic  materials,  particularly  in  types  304L  and  31 6L,  might  lead  to 
the  production  of  brittle  phases  that  can  significantly  degrade  the  mechani- 
cal properties  of  the  material  during  the  containment  period.  Alloy  825  is 
considered  a  stable  alloy;  no  phase  transformations  should  occur.   (However, 
some  precipitation  reactions  will  occur  in  this  alloy;  these  are  usually 
thought  to  be  beneficial  (i.e.,  formation  of  tic  rather  than  chromium-rich 
M23C6) .  The  long-term  effect  of  possible  intergranular  reactions  involving 
aluminum,  titanium,  molybdenum,  and  other  alloying  elements  in  this  material 
will  need  to  be  investigated.)   Changes  in  mechanical  properties  could  affect 
preclosure  considerations  such  as  ability  to  retrieve  the  waste  packages.   In 
the  postclosure  period,  changes  in  mechanical  properties  are  only  of  concern 
if  they  result  in  changes  in  the  degradation  rate  of  the  container  material 
by  other  processes.  This  is  true  because  the  waste  packages  will  not  be 
subjected  to  large  static  or  dynamic  loads  under  anticipated  conditions  at 
Yucca  Mountain. 
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The  model  to  be  developed  will  address  the  issue  of  whether  the  long 
imes  at  elevated  temperature  change  the  microstructure  of  the  metal  to  the 
extent  that  the  corrosion  and  oxidation  behavior  of  the  material  is  changed. 
Some  examples  of  the  consideration  are  the  effect  of  martensite  on  hydrogen 
jmbrittlement  (especially  in  type  304L) ,  the  effect  of  sigma  phase  on 
enhancing  intergranular  attack  (especially  in  type  316L),  and  the  effect  of 
)ossible  intergranular  precipitates  in  alloy  825.   The  basic  features  of  the 
lodel  to  be  developed  include  the  following: 

1.  The  kinetics  of  the  phase  transformations  with  time  due  to  combined 
effects  of  radiation,  temperature,  stress,  alloy  composition,  and 
initial  metallurgical  structure. 

2.  The  change  in  mechanical  properties  as  a  result  of  transformations. 

Changes  in  corrosion  performance  resulting  from  phase  transformations 
i rill  be  modeled  under  the  applicable  degradation  mode. 

The  transformations  to  be  considered  are  as  follows: 

1.  Austenite  to  martensite  (especially  strain  induced). 

2.  Austenite  to  ferrite. 

3.  Austenite  to  ferrite  to  sigma. 

4.  Austenite  to  sigma. 

5.  Austenite  to  other  brittle  phases  (chi,  Laves) . 

6.  Austenite  to  intergranular  precipitates  (especially  in  alloy  825) . 

The  transformations  to  sigma,  ferrite,  chi,  an  Laves  are  nucleation  and 
< rowth  reactions  that  will  be  modeled  by  diffusional  processes.  The  trans- 
: ormation  to  martensite  is  dif fusionless  and  will  be  modeled  by  critical 
1 emperature  analysis  for  the  start  and  end  of  the  reaction. 


3.5.9.3.2.2  Subactivity  1.4.3.2.2:   Low-temperature  oxidation 

( bjectives 

The  objectives  of  this  subactivity  are  to  determine  the  amount  of  metal 
ioss  by  oxidation  and  the  kinetics  of  metal  oxidation  and  to  characterize  the 
I roperties  of  the  protective  films  and  the  aging  of  the  films  with  long  times 
<t  the  repository  temperatures. 

I arameters 

The  information  needed  from  other  information  needs  includes 

1.  Results  of  weight  loss  or  gain  tests  under  relevant  conditions. 

2.  Description  for  the  container  environment. 

3.  Description  of  oxidation  product  layers. 

4.  Effect  of  radiation  on  the  atmosphere  surrounding  the  waste  package. 
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The  output  parameters  are  rate  laws  for  the  degradation  of  the  metal  by 
oxidation  and  a  model  for  the  behavior  of  passivating  oxidation  product 
layers  under  repository  conditions. 

Description 

Tests  will  be  conducted  under  Information  Need  1.4.2  (Section  8.3.5.9.2) 
to  determine  the  rates  of  oxidation  under  repository  relevant  temperature, 
environmental,  and  radiation  dose  rate  conditions.  Because  of  the  low  rates 
expected,  the  oxidation  rate  is  not  expected  to  be  a  degradation  mode  that 
will  cause  breach  of  the  container  in  1,000  yr.   Characterization  of  the 
oxidation  product  layers  is  important  in  establishing  the  conditions  that 
will  prevail  on  the  container  surface  at  a  time  when  water  can  intrude  into 
the  waste  package  environment,  wet  the  surface,  and  allow  various  aqueous 
corrosion  processes  to  occur. 

As  discussed  in  the  parallel  activity  for  the  copper-based  materials,  a 
model  for  oxidation  (and  for  general  aqueous  corrosion,  described  in  the  next 
section)  will  be  developed. 


8.3.5.9.3.2.3  Subactivity  1.4.3.2.3:   General  aqueous  corrosion 

Objectives 

The  objective  of  this  subactivity  is  to  determine  the  amount  of  metal 
loss  by  general  aqueous  corrosion  and  to  establish  whether  a  uniform  pattern 
of  attack  occurs.  Aqueous  corrosion  can  occur  when  a  more  or  less  continuous 
moisture  film  is  present  on  the  container  surface  or  when  some  portion  of  the 
container  surface  is  immersed  in  water. 

Parameters 

The  information  needed  from  other  information  needs  includes 

1.  Results  of  weight  loss  tests. 

2.  Description  of  the  environment  near  the  waste  package  surface. 

3.  Description  of  corrosion  product  layers. 

4.  Chemical  modeling  of  solution  composition. 

5.  Radiolysis  effects  in  aqueous  media. 

The  output  parameters  are  estimates  of  the  wastage  of  the  metal  con- 
tainer that  can  occur  during  the  containment  and  postcontainment  periods. 
The  Project  would  like  to  be  able  to  characterize  both  oxidation  and  general 
aqueous  corrosion  well  beyond  the  thousand-year  postclosure  period.  Most  of 
the  container  surface  will  still  be  present  in  this  period,  and  could  thus 
provide  a  catchment  location  for  water.  The  controlled  release  rate  models 
for  radioactive  nuclides  will  depend  on  the  potential  for  the  container  to 
affect  water  movement  to  and  from  the  waste  form. 
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Description 


Much  of  the  discussion  on  general  corrosion  of  copper-based  materials 
applies  to  the  discussion  on  austenitic  materials  with  respect  to  data  acqui- 
sition and  model  development.  General  aqueous  corrosion  is  not  expected  to 
be  a  container  failure  mode  during  (and  well  beyond)  the  containment  period, 
but  characterization  of  the  corrosion  behavior  and  passive  films  formed  on 
these  materials  are  of  interest  in  the  models  being  developed  for  the 
different  kinds  of  localized  corrosion  and  stress  corrosion  discussed  in  the 
next  several  sections. 

The  general  features  of  the  model  will  include  the  following: 

1.  Prediction  of  the  oxidation-reduction  potential  of  the  environment. 

2.  Prediction  of  the  corrosion  potential  for  the  metal  in  the 
environment . 

3.  Prediction  of  the  corrosion  current  (hence  the  corrosion  rate)  as  a 
function  of  potential. 

4.  Prediction  of  the  total  loss  of  material  for  the  containment  and 
post-containment  periods. 


3.3.5.9.3.2.4  Subactivity  1.4.3.2.4:   Intergranular  attack  and  intergranular 
stress  corrosion  cracking 

Objectives 

The  objective  of  this  subactivity  is  to  determine  whether  sensitization 
Ls  a  necessary  precursor  to  intergranular  attack  and  intergranular  stress 
:orrosion  cracking  under  the  conditions  anticipated  for  the  repository  at 
fucca  Mountain.   This  subactivity  will  also  determine  the  model  to  predict 
:he  time  to  sensitization  for  materials  under  those  conditions.   For 
:onditions  where  cracking  might  be  expected,  a  model  will  be  developed  to 
predict  the  rate  of  crack  growth. 

Parameters 


The  information  needed  from  other  information  needs  includes 

1.  Postemplacement  environment  conditions. 

2.  Diffusion  rate  of  chromium  in  the  metal  as  a  function  of 
temperature. 

3.  Diffusion  mechanism  for  chromium  in  the  metal. 

4.  Strain. 

5.  Alloy  composition. 
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6.  Effects  of  transformation  products  on  diffusion  rates. 

7.  Composition  of  carbide  precipitates  formed. 

8.  Amounts  of  sigma  and  chi  phases. 

The  output  parameters  are  a  model  to  predict  time  to  sensitization,  a 
model  to  predict  the  probability  of  intergranular  stress  corrosion  cracking 
and  intergranular  attack,  and  a  crack  propagation  model. 

Description 

For  the  conditions  expected  at  Yucca  Mountain,  sensitization  is  thought 
to  be  a  necessary  precursor  (a  prerequisite)  for  the  intergranular  stress 
corrosion  cracking  and  intergranular  attack  of  the  candidate  alloys.  This 
subactivity  will  examine  the  premise  that  sensitization  is  a  necessary  pre- 
cursor and  document  the  conclusions  of  that  analysis.   If  sensitization  is 
determined  to  be  a  necessary  precursor,  a  model  will  be  developed  to  deter- 
mine the  time  to  sensitization  under  the  relevant  time -temperature  conditions 
for  the  repository.   The  model  will  be  based  on  the  diffusion  of  chromium  out 
of  the  metal  matrix  and  the  precipitation  of  carbides  on  the  grain  boundaries 
of  the  metal  structure.   The  model  will  determine  the  time  at  which  a  contin- 
uous layer  of  material  with  chromium  content  less  than  12  percent  exists. 
This  value  is  the  boundary  for  which  the  passive  film  formed  by  uniform  cor- 
rosion becomes  unstable  and  leads  to  localized  attack,  especially  in  oxidiz- 
ing environments. 

The  most  important  parameters  in  the  model  development  are  temperature, 
strain,  and  alloy  composition.   Temperature  is  important  because  the  process 
is  controlled  by  an  activation  energy.   Strain  is  important  because  this  can 
result  in  defects  in  the  metal  that  lower  the  activation  energy  for 
diffusion,  and  alloy  composition  is  important  because  of  its  effects  on  the 
diffusion  rate  of  chromium  and  the  availability  of  carbon  to  form  the  grain 
boundary  chromium  carbides. 

The  model  development  activities  will  begin  with  types  304  and  304L 
stainless  steel  (SS)  and  then  extend  to  the  molybdenum-bearing  type  316  and 
316L  SS.   The  higher  alloying  content  of  the  316  types  is  expected  to 
increase  the  activation  energy  for  the  diffusion  process  and  thereby  increase 
the  time  to  develop  a  sensitized  microstructure.  The  molybdenum  additions 
also  modify  the  chromium  activity  in  the  matrix  and  the  carbide  phases. 
Next,  the  model  will  be  extended  to  the  high-nickel  alloy  825.   In  this 
alloy,  other  kinds  of  carbides  and  more  complex  carbides  can  form.   The 
higher  alloy  content  and  more  complex  carbides  will  require  a  more  complex 
model  than  that  for  types  304  and  316  SS.  While  alloy  825  is  generally  very 
resistant  to  sensitization,  it  is  possible  to  sensitize  this  alloy. 

Phases  formed  by  transformation  processes,  such  as  discussed  in  Sub- 
activity  1.4.3.2.1  (Section  8.3.5.9.3.2.1),  can  affect  the  susceptibility  to 
intergranular  attack  in  two  ways.  First,  they  can  have  different  diffusion 
rates  for  chromium  and  can  alter  the  time  to  sensitization  of  the  metal 
microstructure.   Second,  some  of  the  phases  form  at  grain  boundaries  and  are 
themselves  subject  to  preferential  attack  under  some  environmental  condi- 
tions. Examples  of  the  latter  are  the  sigma  and  chi  phases. 
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Crack  initiation  does  not  necessarily  imply  a  defect  through  the  con- 
tainer wall.   To  determine  the  rate  of  failure  of  the  container  by  cracking, 
it  is  necessary  to  model  the  crack  growth  process.  This  model  will  consider 
the  role  of  stress  and  oxidation-reduction  potential  on  the  rate  of  crack 
growth. 

While  sensitization  appears  to  be  the  most  important  cause  for  inter- 
granular  attack  modes,  the  possibility  exists  that  other  grain  boundary 
precipitates  could  favor  localized  attack  paths  in  these  candidate  materials. 
Sigma  phase  formation  could  be  a  possible  intergranular  precipitate  in  type 
316L  SS,  as  well  as  some  of  the  aluminum,  titanium,  or  molybdenum-rich  phases 
in  alloy  825.  The  possibilities  of  these  will  be  investigated  here  and  in 
conjunction  with  the  activities  discussed  under  metallurgical  aging  and 
transformation. 


8.3.5.9.3.2.5  Subactivity  1.4.3.2.5:   Hydrogen  entry  and  embrittlement 
Objectives 


The  objective  of  this  subactivity  is  to  assess  what  level  of  hydrogen  in 
austenitic  materials  is  necessary  to  cause  embrittlement  of  the  material  and 
to  have  a  significant  effect  on  other  degradation  rates  and  mechanisms.   The 
subactivity  will  then  examine  the  environmental  conditions  at  Yucca  Mountain 
to  determine  whether  that  amount  of  hydrogen  would  be  available.   If  the 
level  of  hydrogen  is  available,  then  the  necessary  laboratory  studies  will  be 
conducted  under  Information  Need  1.4.2,  and  a  model  developed  to  determine 
the  effects  of  hydrogen  embrittlement. 

Parameters 

The  information  needed  from  other  information  needs  includes 

1.  Hydrogen  production  rate  by  radiolysis  and  corrosion. 

2.  Hydrogen  recombination  rate  by  all  processes. 

3.  Maximum  rate  of  hydrogen  entry  into  the  alloy. 

4.  Maximum  concentration  of  hydrogen  in  the  alloy. 

5.  Phase  structure  of  the  alloy. 

6.  Effects  of  hydrogen  in  austenitic  materials. 

Description 

The  assessment  of  hydrogen  effects  centers  around  a  bounding  calculation 
for  the  maximum  availability  of  atomic  hydrogen  at  the  metal  surface  (molec- 
ular hydrogen  does  not  diffuse  into  the  metal) .  The  analysis  will  consider 
Doth  the  external  and  internal  container  environments.  The  latter  is  neces- 
sary because  some  fuel  rods  that  breached  in  reactor  service  may  contain 
vater  that  would  be  released  to  the  container  inner  atmosphere  under  disposal 
:onditions. 

The  model  will  consider  the  maximum  rate  of  hydrogen  permeation  in  the 
netal  (i.e.,  the  net  result  of  hydrogen  entry  and  loss  by  outward  diffusion). 
The  total  trapped  hydrogen  will  be  compared  with  the  level  that  produces 
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significant  effects  on  the  container  material  performance  under  Yucca 
Mountain  conditions.  High  nickel  materials  (e.g.,  alloy  825)  are  sometimes 
more  susceptible  to  hydrogen  embrittlement  than  the  types  304L  and  316L 
stainless  steels.  If  the  amount  of  trapped  hydrogen  is  less  than  the  crit- 
ical level,  no  further  work  will  be  done;  if  the  amount  is  greater,  the 
effects  of  the  hydrogen  will  be  assessed. 


8.3.5.9.3.2.6  Subactivity  1.4.3.2.6:   Pitting,  crevice,  and  other  localized 
attack 

Objectives 

The  objective  of  the  subactivity  is  to  determine  whether  the  necessary 
environmental  conditions  will  exist  to  initiate  pitting  and  crevice  corrosion 
under  Yucca  Mountain  repository  conditions. 

Parameters 

The  information  needed  from  other  information  needs  includes 

1.  Near-field  waste  package  environment  conditions,  especially  the 
concentration  of  ions  known  to  favor  these  modes  of  attack. 

2.  Temperature. 

3.  Solution  pH. 

4.  Chloride  and  fluoride  ion  concentration. 

5.  Metal  microstructure. 

6.  Corrosion  potential. 

7.  Pitting  potential. 

Output  parameters  are  quantities  of  electrolyte  needed  to  set  up 
localized  corrosion  cells  and  a  model  to  predict  the  likelihood  of  pitting  or 
crevice  corrosion. 

Description 

Pitting  attack  occurs  when  the  temperature  and  chloride  concentrations 
are  sufficiently  high  and  the  pH  sufficiently  low  to  cause  localized 
corrosion  cells  to  be  set  up  on  the  metal  surface.   The  metal  microstructure 
can  also  be  important  because  it  can  lead  to  local  breakdown  of  the  passive 
corrosion  films  and  to  the  establishment  of  galvanic  cells.   Sulfide 
inclusions  can  be  particularly  important  in  favoring  pitting  corrosion. 

The  model  for  pitting  corrosion  will  determine  critical  values  for  the 
electrochemical  potential  above  which  pitting  occurs  and  will  determine 
whether  this  potential  could  be  reached  in  the  system  under  anticipated  Yucca 
Mountain  conditions. 
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The  model  for  crevice  corrosion  will  use  critical  potential  analysis 
combined  with  an  analysis  for  the  potential  for  propagation  of  the  crevice 
attack.  The  latter  analysis  will  use  the  crevice  geometry  and  the  local 
chemical  conditions  as  its  basis.  The  data  for  this  model  development  will 
be  collected  in  activities  described  under  Information  Need  1.4.2  (Sec- 
tion 8.3.5.9.2) . 

The  model  will  determine  the  critical  potential  over  a  wide  range  of 
environmental  conditions  and  alloy  compositions  and  relate  those  potentials 
to  the  expected  range  of  conditions  for  the  repository  and  for  the  as- 
assembled  container.   Successful  validation  of  the  model  at  relatively  high 
ionic  strengths  of  relevant  ions  will  add  confidence  to  the  extrapolations 
needed  to  reach  the  expected  repository  conditions  of  low  chloride  and  other 
ionic  contents. 


8.3.5.9.3.2.7  Subactivity  1.4.3.2.7:   Transgranular  stress  corrosion 
cracking 

Objectives 

The  objective  of  this  subactivity  is  to  determine  the  potential  for 

transgranular  stress  corrosion  cracking  to  occur  under  the  repository 

disposal  conditions,  and  if  it  occurs,  to  predict  the  rate  of  initiation  and 
growth  of  transgranular  cracks. 

Parameters 


The  information  needed  from  other  information  needs  includes 

1.  Chloride  concentrations  of  water  that  could  contact  the  container. 

2 .  Temperature . 

3.  Stress. 

4.  Alloy  constituents. 

5.  Other  ions  in  solutions. 

6.  Corrosion  potential. 

The  output  parameters  will  be  critical  potentials  for  crack  initiation 
and  propagation. 

Description 

The  most  significant  parameters  for  this  mode  of  degradation  are  the 
chloride  ion  concentrations  in  solutions  in  contact  with  the  metal  and  the 
stress.  At  very  high  chloride  concentrations,  the  critical  stress  is  below 
the  yield  stress,  while  in  dilute  solutions  it  is  above  the  yield  stress. 
There  is  considerable  uncertainty  about  the  level  of  chloride  that  would 
-ause  the  critical  stress  to  be  at  the  yield  stress.   This  is  important 
oecause  the  welded  zone  of  a  container  would  be  at  or  near  the  yield  stress, 
Therefore,  this  model  development  activity  will  attempt  to  determine  the 
critical  chloride  level  for  Yucca  Mountain  disposal  conditions. 
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The  model  will  consider  the  initiation  of  transgranular  cracking  to 
occur  when  the  critical  chloride  concentration  is  reached.  The  concentration 
of  oxygen,  nitrate,  and  other  oxidizing  species  is  expected  to  influence  the 
critical  chloride  level  for  crack  initiation.   The  model  will  then  provide 
the  means  to  extrapolate  to  more  dilute  solutions,  similar  to  those  expected 
in  the  repository,  and  to  provide  a  probability  for  the  occurrence  of 
transgranular  cracking  under  those  conditions.   Crack  growth,  following  crack 
initiation,  will  be  modeled  as  a  function  of  stress  (or  stress  intensity) , 
chloride  content,  pH,  temperature,  applied  electrochemical  potential,  and 
content  of  other  ionic  species  in  solution. 

The  slip  dissolution  model  for  understanding  the  basic  mechanism  of 
stress  corrosion  cracking  accounts  for  the  environmental,  metallurgical,  and 
mechanical  contributions  in  promoting  stress  corrosion  cracking,  and  it 
treats  both  the  properties  of  the  metal  and  the  oxide  film  on  the  metal 
surface.   This  model  has  been  most  extensively  used  in  explaining  stress 
corrosion  cracking  in  Fe-Cr-Ni  alloys,  but  it  has  been  extended  to  other 
alloy  systems  (Staehle,  1971) . 

The  propagation  of  stress  corrosion  cracks  is  determined  by  using 
sensitive  techniques  to  measure  the  growth.  Various  geometries  of  test 
specimens  are  used;  some  types  of  specimens  are  self-loaded  and  others  are 
stressed  by  application  of  a  load  external  to  the  test  cell  environment. 
Some  test  techniques  follow  the  growing  crack  directly  by  optical  means 
(i.e.,  traveling  microscope);  other  methods  measure  the  crack  growth  by 
indirect  means.  Measurement  of  changes  in  the  electrical  resistance  is 
probably  the  most  sensitive  of  these  techniques  (Shreir,  1976) . 


8.3.5.9.3.2.8  Subactivity  1.4.3.2.8:  Other  potential  degradation  modes 

This  subactivity  will  screen  other  potential  degradation  modes  not 
discussed  previously  to  determine  whether  there  is  a  cumulative  probability 
of  occurrence  greater  than  0.01  over  the  time  interval  of  interest.  If  the 
probability  exceeds  that  level,  a  model  will  be  developed  for  the  corrosion 
or  degradation  mode.   Examples  of  models  to  be  screened  are  mechanical 
fracture  and  the  effect  of  microbiological  activity  on  the  previously 
discussed  corrosion  mechanisms.  Another  model  for  a  possible  degradation 
mode  involves  galvanic  interaction  of  the  metal  container  with  other  metallic 
components  in  the  engineered  barrier  system  and  affiliated  repository 
components.  As  mentioned  in  Section  8.3.4.2,  the  borehole  liner  and 
container  material  are  proposed  to  be  made  from  materials  in  the  same  alloy 
family  to  minimize  galvanic  effects. 


8.3.5.9.3.3  Activity  1.4.3.3:  Models  for  degradation  of  ceramic-metal, 
bimetallic/single  metal,  and  coatings  and  filler  alternative 
systems 

With  the  introduction  of  alternative  waste  package  container  concepts 
based  on  ceramic-metal,  bimetallic/single  metal,  and  coatings  and  fillers, 
the  spectrum  of  potential  degradation  modes  for  these  three  classes  of 
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materials  systems  will  strongly  depend  on  the  materials  chosen  for  inclusion 
as  a  result  of  the  feasibility  study  described  in  Information  Need  1.4.1 
(Section  8.3.5.9.1).  This  activity,  which  is  divided  into  three  subactivi- 
ties  (one  for  each  class  of  material  system) ,  will  be  developed  in  more 
detail  in  progress  reports. 


8.3.5.9.3.3.1  Subactivity  1.4.3.3.1:  Models  for  degradation  of  ceramic- 
metal  systems 

At  least  two  plausible  degradation  modes  can  be  identified  for  the  ce- 
ramic element  of  ceramic-metal  systems:  (1)  aqueous  corrosion  and  (2)  delayed 
fracture  in  the  presence  of  residual  and  applied  stresses.   Brief  discussions 
of  these  degradation  modes  follow. 

1.  Aqueous  corrosion.   The  objective  is  to  determine  for  very  long 
lifetime  material  the  amount  of  loss  by  general  aqueous  corrosion  and  to 
establish  whether  a  uniform  pattern  of  attack  occurs.  Aqueous  corrosion  can 
occur  when  a  more  or  less  continuous  moisture  film  is  present  on  the  con- 
tainer surface  or  when  some  portion  of  the  container  surface  is  immersed  in 
water. 

The  information  needed  from  other  information  needs  includes 

1.  Results  of  weight  loss  tests. 

2.  Description  of  the  environment  near  the  waste  package  surface. 

3.  Description  of  corrosion  product  layers. 

4.  Chemical  modeling  of  solution  composition. 

5.  Radiolysis  effects  in  aqueous  media. 

The  output  parameters  are  estimates  of  the  material  loss  from  containers 
that  can  occur  during  the  containment  and  postcontainment  periods.   The 
Project  would  like  to  be  able  to  characterize  aqueous  corrosion  well  beyond 
the  thousand-year  postclosure  period.   The  controlled  release  rate  models  for 
radionuclides  will  depend  on  the  potential  for  the  container  to  affect  water 
movement  to  and  from  the  waste  form. 

2.  Delayed  fracture  in  the  presence  of  residual  and  applied  stresses. 
The  objective  is  to  model  and  determine  the  long  range  failure  potential  of 
the  ceramic  element  in  ceramic-metal  systems  due  to  effects  such  as  pores, 
weakened  or  stressed  grain  boundaries,  inclusions,  and  cracks.  These  defects 
2ause  stress  concentrations  when  the  material  is  subjected  to  load.  Locally 
the  theoretical  strength  is  exceeded  and  the  defect  grows  until  failure 
occurs. 


3.3.5.9.3.3.2  Subactivity  1.4.3.3.2:  Models  for  degradation  of  bimetallic/ 
single  metal  systems 

Depending  on  the  particular  materials  chosen,  the  identification  of 
:ritical  degradation  modes,  and  the  results  of  laboratory  programs  for  each 
}f  these  critical  degradation  modes,  models  will  be  developed  and  validated. 
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The  potential  critical  degradation  modes  that  may  require  detailed  modeling 
are  enumerated  below. 


Bimetal   Single  metal 
container    container 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Potential  critical  degradation  mode 

Metallurgical  aging  and  phase  transforma- 
tions in  base  metal,  heat-affected 
zones,  and  welds 

Low  temperature  oxidation 

General  aqueous  corrosion 

Intergranular  attack  and  stress  corrosion 
cracking 

Hydrogen  entry  and  embrittlement 

Pitting,  crevicing,  and  other  localized 
attack 

Gamma  flux  effects 

Galvanic  effects  at  welds,  oxide 
inclusions,  and  surface  oxides 


8.3.5.9.3.3.3  Subactivity  1.4.3.3.3 
filler  systems 


Models  for  degradation  of  coatings  and 


Depending  on  the  particular  materials  chosen,  the  identification  of 

critical  degradation  modes,  and  the  results  of  laboratory  programs  for  each 

of  these  critical  deformation  modes,  models  will  be  developed  and  validated, 
The  potential  critical  degradation  modes  that  may  require  detailed  modeling 
are 

1.  Low  temperature  oxidation. 

2.  Metallurgical  stability  and  toughness  under  repository  conditions. 

3.  General  aqueous  corrosion. 

4.  Hydrogen  entry  and  embrittlement. 

5.  Gamma  flux  effects. 

6.  Mechanical  degradation. 

7.  Galvanic  corrosion. 

8.  Localized  corrosion. 


8.3.5.9.3.4  Application  of  results 

Only  one  of  the  container  evaluations  described  for  this  information 
need  will  be  carried  out  in  full.  The  evaluations  carried  to  completion  will 
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be  that  for  the  alloy  or  other  material  system  selected  for  use  as  the  final 
container  material.  The  results  of  that  investigation  will  be  used  to  pre- 
dict the  degradation  rate  of  the  container  material  in  Information  Need  1.4.4 
(Section  8.3.5.9.4) . 


8.3.5.9.4  Information  Need  1.4.4:   Estimates  of  the  rates  and  mechanisms  of 
container  degradation  in  the  repository  environment  for  antici- 
pated and  unanticipated  processes  and  events,  and  calculation  of 
the  failure  rate  of  the  container  as  a  function  of  time 


Technical  basis  for  addressing  the  information  need 


Link  to  the  technical  data  chapters  and  the  applicable  support  documents 

The  bases  for  the  models  reguired  to  obtain  these  estimates  have  been 
discussed  in  Section  7.4.5.  The  activities  that  develop  data,  parameters, 
and  models  to  obtain  these  estimates  are  described  in  Sections  8.3.3.,  8.3.4, 
8.3.5.9,  and  8.3.5.10. 

Parameters 

Parameters  needed  for  estimating  rates  and  mechanisms  of  container 
degradation  include  the  following: 

1.  Waste  package  design  (Information  Need  1.10.2,  Section  8.3.4.2.2). 

2.  Waste  package  design  features  affecting  the  performance  of  the 
container  (Information  Need  1.4.1,  Section  8.3.5.9.1). 

3.  Material  properties  of  the  container  (Information  Need  1.4.2, 
Section  8.3.5.9.2) . 

4.  Scenarios  for  anticipated  and  unanticipated  processes  and  events, 
and  models  for  extrapolation  of  container  performance  (Information 
Need  1.4.3,  Section  8.3.5.9.3,  and  Activity  1.5.3.1.1,  Sec- 
tion 8.3.5.10.3.1.1) . 

5.  Characteristics  of  the  shaft  and  borehole  seals  that  may  affect 
waste  package  container  performance  (Information  Needs  1.12.1, 
1.12.2,  and  1.12.4  in  Section  8.3.3.2.1,  8.3.3.2.2,  and  8.3.3.2.4). 

6.  Waste  package  system  model  and  uncertainty  methodology  (Information 
Need  1.5.3,  Section  8.3.5.10.3). 

7.  Waste  package  environment  description  (Information  Need  1.10.4; 
Section  8.3.4.2.4) . 

The  output  parameters  are  the  rates  of  container  degradation  and 
:ontainer  failure  rate. 
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Logic 

Once  the  environmental  scenarios  for  calculating  time  to  failure  of 
containers  and  the  models  for  predicting  failure  of  containers  have  been 
developed  and  tested,  the  rates  of  container  degradation  may  be  estimated. 
These  estimates  will  then  be  used  to  calculate  the  failure  rate  of  the 
container  as  a  function  of  time.   The  models  and  methodologies  used  for  this 
calculation  are  developed  in  Section  8.3.5.10.3  under  Information  Need  1.5.3 
and  applied  here  for  the  container  failure  rate  calculation. 

One  activity  will  be  performed  under  this  information  need.   It  will 
exercise  both  the  deterministic  system  model  and  its  associated  uncertainty 
methodology  developed  in  Information  Need  1.5.3. 


3.5.9.4.1  Activity  1.4.4.1:   Estimate  of  the  rates  and  mechanisms  of  con- 
tainer degradation  in  the  repository  environment  for  anticipated 
and  unanticipated  processes  and  events,  and  calculation  of 
container  failure  rate  as  a  function  of  time 

The  following  two  subactivities  support  this  analysis. 


8.3.5.9.4.1.1  Subactivity  1.4.4.1.1:  Deterministic  calculation  of  rates  of 
container  degradation  in  the  repository  environment  for  antic- 
ipated and  unanticipated  processes  and  events,  and  calcula- 
tion of  container  failure  rate  as  a  function  of  time 

Objectives 

The  objective  of  this  subactivity  is  to  use  the  deterministic  waste 
package  system  model  developed  in  Activity  1.5.3.5  (Section  8.3.5.10.3.5)  and 
the  scenarios  developed  in  Activity  1.5.3.1  (Section  8.3.5.10.3.1)  to 
estimate  (1)  the  container  degradation  rates  and  (2)  the  time  to  initiation 
of  release  of  radionuclides  from  the  waste  package.  This  system  model 
incorporates  models  for  container  performance  developed  in  Information  Need 
1.4.3  (Section  8.3.5.9.3) . 

Parameters 

The  parameters  required  for  this  activity  are  given  in  the  preceding 
combined  list  in  the  technical  basis  section  for  the  information  need.  The 
output  parameters  are  the  times  at  which  the  corrosion  modes  can  be  initiated 
(due  to  aging,  sensitization,  and  environmental  conditions) ,  the  rates  of 
container  degradation,  and  time  to  initiation  of  release  of  radionuclides 
from  the  waste  package  under  specified  conditions  for  the  scenarios 
representing  anticipated  and  unanticipated  processes  and  events. 

Description 

The  system  model  is  discussed  in  Section  8.3.5.10.3.  The  estimates  of 
container  performance  will  be  made  in  three  phases:   (1)  for  the  design 
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concepts  discussed  in  Section  7.3,  (2)  for  the  advanced  conceptual  design, 
and  (3)  for  the  license  application  design.  The  later  phases  will  use 
modeling  concepts  developed  in  the  previous  phases,  and  therefore  are 
difficult  to  discuss  at  this  point.   However,  it  is  likely  that  analyses  in 
all  phases  will  incorporate  many  of  the  same  elements. 

The  analysis  of  waste  package  designs  will  proceed  by  assembling  sets  of 
system  model  input  parameters  developed  in  Section  8.3.5.9.3  (Information 
Need  1.4.3)  and  executing  the  system  model  code  to  obtain  estimates  of  rates 
and  mechanisms  of  container  degradation.  These  estimates  will  be  calculated 
for  the  range  of  values  of  those  parameters  determined  to  be  important  to 
container  performance.   These  estimates  will  be  calculated  for  scenarios  that 
represent  both  anticipated  and  unanticipated  processes  and  events.   In  addi- 
tion, in  the  earlier  phases  of  waste  package  design,  information  developed  in 
the  system  model  calculations  will  be  available  as  input  to  later  design 
Dhases. 


3.3.5.9.4.1.2  Subactivity  1.4.4.1.2:   Probabilistic  calculation  of  rates  of 
container  degradation  and  distribution  of  time  to  initiation 
of  release  of  radionuclides  from  the  waste  packages 

)bjectives 


Because  of  heterogeneities  in  both  the  environment  and  components  of  the 
*aste  package  design,  deterministic  calculation  of  performance  alone  will  not 
)e  sufficient  to  provide  the  performance  measures  for  the  set  of  waste  pack- 
iges  for  this  issue  and  to  support  the  reasonable  assurance  standard  reguired 
)y  the  NRC.  The  objective  of  this  subactivity  is  to  provide  a  probabilistic 
malysis  of  waste  package  container  performance  addressing  these  uncer- 
:ainties,  using  the  uncertainty  modeling  methodologies  developed  in  Activ- 
.ty  1.5.3.5  (Section  8.3.5.10.3.5). 


'arameters 

The  input  parameters  for  the  activity  are  given  in  the  preceding  com- 
)ined  list  for  the  information  need.   The  output  parameter  is  the  cumulative 
listribution  function  for  time  to  initiation  of  release  of  radionuclides  from 
.he  waste  package. 

description 

The  uncertainty  methodologies  developed  in  Activity  1.5.3.5  (Sec- 
ion  8.3.5.10.3.5)  will  be  employed  using  the  waste  package  system  model  to 
•  ssess  the  reliability  of  the  waste  package  with  respect  to  failure  of  the 
■ontainer.   This  task  will  be  accomplished  in  concert  with  the  phases  of 
• ystem  model  development  and  application.   Development  of  the  waste  package 
• ystem  model  is  discussed  in  Section  8.3.5.10.3,  in  the  context  of  a  model 
or  release  calculations.   However,  the  waste  package  system  model  will  also 
] rovide  the  time  to  failure  of  the  container.  The  most  likely  approach  for 
<  etermining  the  distribution  for  time  to  failure  of  the  container  and 
■  nitiation  of  the  release  of  radionuclides  from  the  waste  package  will  be  to 
< xercise  the  system  model  for  a  range  of  model  inputs  selected  by  a  procedure 
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for  sampling  from  distributions  of  input  variables.   The  input  variables  may 
be  random  variables  having  probability  distributions,  or  they  may  be  vari- 
ables that  range  over  known  actual  distributions.   The  latter  case  might 
apply  for  example,  to  the  distribution  of  package  heat  generation  rates  after 
all  the  packages  have  been  loaded  and  documented.  For  less  important  input 
variables,  bounding  distributions  may  be  used. 

The  uncertainty  calculations  will  be  performed  for  each  of  the  design 
phases,  although  they  are  only  required  for  the  license  application  design 
analysis.  This  procedure  will  allow  testing  on  the  early  design  phases,  and 
modifications  of  other  methodology  during  later  phases.  At  least  two  types 
of  uncertainty  will  be  addressed.   First,  the  uncertainty  in  the  predicted 
times  to  failure  of  the  containers  resulting  from  uncertainties  in  the 
fabrication  and  environment  of  the  waste  packages  will  be  calculated.  Then 
the  secondary  uncertainty  (that  is  the  confidence  in  the  best  estimate  of 
cumulative  distribution  function  for  time  to  failure  of  the  containers)  will 
be  assessed.   Together  with  the  deterministic  simulations  for  bounding  cases 
for  time  to  container  failure,  these  results  will  provide  the  time  of 
initiation  of  the  radionuclide  release  from  the  waste  package.  Thus,  these 
results  will  address  container  failures,  whose  limitations  during  the  con- 
tainment period  is  one  of  the  design  objectives  for  resolution  of  this  issue. 


8.3.5.9.4.2  Application  of  results 

The  estimates  of  container  degradation  developed  in  these  activities 
will  be  used  as  inputs  to  the  activities  under  Information  Needs  1.4.5  and 
1.5.4  (Sections  8.3.5.9.5  and  8.3.5.10.4). 


8.3.5.9.5  Information  Need  1.4.5:  Determination  of  whether  the  set  of  waste 
packages  meets  the  performance  objective  for  substantially 
complete  containment  for  anticipated  processes  and  events 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  the  applicable  support  documents 

The  basis  for  the  models  required  to  perform  these  calculations  has  been 
discussed  in  Section  7.4.5.  The  activities  that  perform  these  calculations 
are  described  in  Sections  8.3.5.9.4  and  8.3.5.10.4.   The  activities  that 
develop  data,  parameters,  and  models  to  support  the  calculations  in  Sections 
8.3.5.9.4  and  8.3.5.10.4  are  described  in  earlier  sections  of  8.3.5.9  and 
8.3.5.10,  respectively. 

Parameters 

The  parameters  needed  for  the  determination  of  whether  the  substantially 
complete  containment  performance- objective  for  anticipated  processes  and 
events  is  met  are  as  follows: 

1.  Quantitative  interpretation  of  substantially  complete  containment. 
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2.  Calculation  of  times  to  initiation  of  release  of  radionuclides  from 
the  waste  package  from  Section  8.3.5.9.4  (Information  Need  1.4.4). 

3.  Release  rate  of  radionuclides  from  failed  waste  packages  from 
Section  8.3.5.10.4  (Information  Need  1.5.4). 

The  output  parameter  is  a  determination  of  whether  substantially  com- 
plete containment  has  been  satisfied  during  the  containment  period.   If  not 
satisfied,  a  second  output  parameter  is  the  earliest  time  at  which  the 
requirement  is  not  satisfied. 

Logic 

The  design  requirements  set  to  fulfill  substantially  complete 
containment  (discussed  in  Section  8.3.5.9,  under  Regulatory  basis  for  the 
issue)  will  impose  quantitative  requirements  on  performance  measures  to  be 
naintained  during  the  containment  period  up  to  1,000  yr  after  closure.   To 
evaluate  these  design  requirements,  the  following  quantities  are  required: 

1.  The  fraction  of  radioactivity  retained  within  the  set  of  waste 
packages  for  the  duration  of  the  containment  period. 

2.  The  annual  release  rate  of  radioactivity  from  the  engineered  barrier 
system. 

The  results  of  calculations  to  determine  the  percentage  of  containers 
:hat  will  not  provide  total  containment  of  radionuclides  for  the  duration  of 
:he  containment  period  and  times  to  container  failure  are  taken  from 
Information  Need  1.4.4,  Section  8.3.5.9.4.   The  release  rate  of  radionuclides 
summed  over  the  subset  of  failed  containers  and  the  total  quantity  of  radio- 
activity inside  the  waste  packages  are  taken  from  Information  Need  1.5.4, 
Section  8.3.5.10.4.  These  calculational  results  are  compared  with  the  design 
objectives  of  the  interpretation  of  substantially  complete  containment  to 
determine  whether  this  issue  (1.4)  has  been  resolved. 

One  activity  will  be  performed  under  this  information  need.   It  will 
compare  the  calculation  of  performance  of  the  repository  ensemble  of  waste 
packages  with  the  interpretation  of  substantially  complete  containment. 


3.3.5.9.5.1  Activity  1.4.5.1:  Determination  of  whether  the  substantially 
complete  containment  requirement  is  satisfied 

Objectives 

Waste  package  system  modeling  results  developed  in  Activity  1.4.4.1 
(Section  8.3.5.9.4.1)  and  Information  Need  1.5.4  (Section  8.3.5.10.4)  will  be 
jsed  to  predict  waste  package  containment  performance  using  the  scenarios  and 
nodels  developed  in  Section  8.3.5.10.3.   The  results  of  these  calculations 
^ill  then  be  compared  with  the  interpretation  of  substantially  complete 
:ontainment  to  determine  whether  the  performance  objective  has  been  met  for 
all  times  during  the  containment  period. 
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Parameters 

The  parameters  required  for  this  investigation  are  given  in  the  tech- 
nical basis  section  for  this  information  need.  The  output  parameter  is  the 
determination  of  substantially  complete  containment  under  specified  condi- 
tions represented  by  the  scenarios. 

Description 

The  calculation  of  waste  package  container  performance  was  made  in 
Information  Need  1.4.4  (Section  8.3.5.9.4),  and  the  calculations  for  release 
of  radionuclides  from  failed  waste  packages  are  performed  in  Information 
Need  1.5.4  (Section  8.3.5.10.4).   Comparison  of  these  results  with  the 
interpretation  of  substantially  complete  containment  (Section  8.3.5.9)  will 
complete  this  investigation. 


8.3.5.9.5.2  Application  of  results 

The  results  of  this  information  need  will  provide  resolution  to  this 
Issue  (1.4) . 


8.3.5.9.6  Schedules  for  containment  by  waste  package  (Issue  1.4) 

Issue  1.4  (containment  by  waste  package)  includes  five  information 
needs.  The  schedule  information  for  these  information  needs  is  summarized  i 
Figure  8.3.5.9-5.   This  figure  includes  the  information  need  number  and  a 
brief  activity  description,  as  well  as  major  events  associated  with  each 
information  need  activity.  A  major  event,  for  purposes  of  these  schedules, 
may  represent  the  initiation  or  completion  of  an  activity,  completion  or 
submittal  of  a  report  to  the  DOE,  an  important  data  feed,  or  a  decision 
point.   Solid  lines  on  the  schedule  represent  information  need  activity 
durations  and  dashed  lines  show  interfaces  among  activities  as  well  as  data 
transferred  into  or  out  of  this  performance  assessment  issue.  The  events 
shown  on  the  schedule  and  their  planned  dates  of  completion  are  provided  in 
Table  8.3.5.9-6. 

The  schedules,  in  combination  with  information  provided  in  the  logic 
diagram  for  this  issue  (Figure  8.3.5.9-1),  are  intended  to  provide  the  reade 
with  a  basic  understanding  of  the  relationships  between  major  elements  of  th< 
site,  performance,  and  design  programs.  The  information  provided  in  Ta- 
ble 8.3.5.9-6  and  Figure  8.3.5.9-5,  however,  should  be  viewed  as  a  snapshot 
in  time. 

The  overall  program  schedule  presented  here  is  consistent  with  the  Draff 
Mission  Plan  Amendment  (DOE,  1988a) .  The  site  characterization  program  will 
undergo  a  series  of  refinements  following  issuance  of  the  statutory  SCP. 
Refinements  will  consider  factors  both  internal  and  external  to  the  site 
characterization  program,  such  as  changes  to  the  quality  assurance  program,  i 
Such  refinements  are  to  be  considered  in  ongoing  planning  efforts,  and 
changes  that  are  implemented  will  be  reflected  in  the  semiannual  progress 
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Figure  8.3.5.9-5.  Schedule  and  milestones  for  Issue  1  4  (containment  by  waste  package)  See  Table  8  3  5  9-6  for  descriptions  of  major  events  This 
network  is  consistent  with  the  Draft  Mission  Plan  Amendment  (DOE.  1988a)  schedule  Revisions  will  be  published  in  semiannual  site  characterization  progress 
reports  as  new  information  becomes  available 
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reports   Summary  schedule  information  for  this  issue  can  be  found  in  Sec- 
tion  o .  d . z . Z  . 
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.3.5.10  Issue  resolution  strategy  for  Issue  1.5:  Will  the  waste  package 
and  repository  engineered  barrier  systems  meet  the  performance 
objective  for  radionuclide  release  rates  as  required  by  10  CFR 
60.113? 

.egulatory  basis  for  the  issue 


The  NRC  regulations  will  set  a  performance  objective  for  control  of  the 
elease  rate  of  radionuclides  from  the  engineered  barrier  system  for  the  time 
eriod  following  the  end  of  the  containment  period.   The  Environmental  Pro- 
ection  Agency  (EPA)  has  determined  that  the  duration  of  the  period  of  regu- 
atory  concern  extends  for  10,000  years  following  permanent  closure  of  the 
epository.   The  Nuclear  Waste  Policy  Act  requires  that  the  NRC  regulations 
ot  be  inconsistent  with  the  EPA  standards  (NWPAA,  1983).   Therefore,  the  DOE 
nfers  that  the  performance  objective  for  controlled  release  extends  from  the 
nd  of  the  containment  period  to  10,000  years  following  permanent  closure  of 
he  repository. 

The  portion  of  10  CFR  Part  60  that  sets  the  performance  objective  for 
ontrol  of  radionuclide  release  rate  is  Section  60.113(a)  (1)  (ii) ,  and  it 
tates,  in  part,  the  following: 

the  engineered  barrier  system  shall  be  designed,  assuming  anti- 
cipated processes  and  events,  so  that...(B)  The  release  rate  of 
any  radionuclide  from  the  engineered  barrier  system  following 
the  containment  period  shall  not  exceed  one  part  in  100,000  per 
year  of  the  inventory  of  that  radionuclide  calculated  to  be 
present  at  1,000  years  following  permanent  closure,  or  such 
other  fraction  of  the  inventory  as  may  be  approved  or  specified 
by  the  Commission;  provided  that  this  requirement  does  not 
apply  to  any  radionuclide  which  is  released  at  a  rate  less  than 
0.1  percent  of  the  calculated  total  release  rate  limit.   The 
calculated  total  release  rate  limit  shall  be  taken  to  be  one 
part  in  100,000  per  year  of  the  inventory  of  radioactive  waste, 
originally  emplaced  in  the  underground  facility,  that  remains 
after  1,000  years  of  radioactive  decay. 

This  issue  is  specifically  restricted  to  showing  that  the  engineered 
1 arrier  system  is  designed  in  conformance  with  the  statement  quoted  in  the 
} receding  paragraph;  however,  there  are  other  needs  for  release  rate  infor- 
iation  to  support  resolution  of  other  issues.   To  simplify  the  presentation 
tf  the  plans  and  to  minimize  redundancy  in  the  discussion,  the  information 
leeds  under  this  issue  will  include  plans  to  gather  data  to  support  resolu- 
tion of  the  following  issues: 

1.   Issue  1.1:   This  issue  requires  source  term  data  for  use  in  the 
system  analysis  calculations.   Data  on  the  release  rate  of  radio- 
nuclides from  the  engineered  barrier  system  for  a  period  of 
10,000  yr  under  anticipated  processes  and  events  to  support  these 
calculations  will  be  provided.   Data  on  release  rates  of  radio- 
nuclides under  lower  probability  scenarios  (unanticipated  processes 
and  events)  for  10,000  yr  will  also  be  provided.   Plans  for  collec- 
tion of  the  data  will  be  given  in  Information  Needs  1.5.4  and  1.5.5 
(Sections  8.3.5.10.4  and  8.3.5.10.5). 
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2.  Issue  1.4:   This  issue  requires  information  on  the  rate  of  cladding 
failure  and  radionuclide  release  rate  data  from  failed  containers 
during  the  containment  period.   Plans  for  collection  of  the  data 
will  be  given  in  Information  Needs  1.5.1  through  1.5.4  (Section 
8.3.5.10.1  through  8.3.5.10.4). 

3.  Issue  1.9:   This  issue  deals  with  the  higher  level  findings  required 
under  10  CFR  Part  960.   In  particular,  10  CFR  960.3-1-5  requires 
calculation  of  the  cumulative  releases  to  the  accessible  environment 
during  100,000  yr.   The  data  gathered  in  Issue  1.5  will  be  used  to 
support  resolution  of  Issue  1.9. 

These  issues  are  addressed  in  Sections  8.3.5.13  (Issue  1.1),  8.3.5.9 
(Issue  1.4),  and  8.3.5.18  (Issue  1.9). 

Approach  to  resolving  the  issue 

The  overall  waste  package  compliance  strategy  was  shown  in  Fig- 
ure 8.3.4-1  with  further  details  in  Section  8.3.4.   The  essence  of  the  waste 
package  strategy  lies  in  an  iterative  process  of  performance  allocation, 
performance  assessment,  and  testing  to  determine  if  the  goals  are  met.   If 
not,  changes  are  made  in  design,  materials,  etc.,  and  the  process  is  repeated 
until  the  design  objectives  are  met.   Within  this  overall  waste  package 
compliance  strategy,  the  strategy  for  resolution  of  Issue  1.5  is  based  on 
present  knowledge  of  the  repository  emplacement  environment,  the  data 
gathered  on  waste  form  performance  in  environments  that  can  be  related  to  the 
projected  repository  environment,  and  the  use  of  models  to  assess  the 
performance  of  various  system  elements.   The  testing  and  design  activities 
described  in  this  section  are  tentative  and  are  subject  to  change.  Any  such 
change  will  be  reported  in  semiannual  progress  reports. 

Figure  8.3.5.10-1  shows  the  hierarchy  of  models.   The  highlighted  por- 
tion is  used  in  the  resolution  of  Issue  1.5  and  to  provide  input  to 
Issues  1.1,  1.4,  and  1.9.  The  lower  levels  of  detailed  models  support  the 
higher  levels  of  aggregated  models.  The  system  model  and  the  flow  and  trans- 
port model  are  used  to  assess  the  net  performance  with  respect  to  regulatory 
issues.   The  experimental  studies  and  activities  (not  shown  in  the  figure) 
support  the  detailed  models  by  explaining  mechanisms  and  processes,  guiding 
model  development,  examining  processes  to  make  sure  that  no  important  phe- 
nomena are  being  overlooked,  providing  data  for  models,  and  validating 
models. 

Principal  input  parameters  for  the  highlighted  models  are  presented  in 
Table  8.3.5.10-1.  Other  models  that  support  the  resolution  of  Issue  1.5  are 
found  in  Sections  8.3.4.2  and  8.3.5.9. 

Under  the  current  conceptual  model,  the  repository  horizon  is  located  in 
the  unsaturated  zone  in  an  area  in  which  the  downward  vertical  water  flux  is 
believed  to  be  less  than  0.5  mm/yr.   Thus,  negligible  water  is  expected  to 
contact  the  containers  throughout  the  post-containment  period.   However,  the 
potential  release  of  radionuclides  has  been  analyzed  for  the  case  in  which 
some  water  may  contact  the  waste  packages  as  the  repository  cools.  During 
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the  containment  period,  a  maximum  of  5  L/yr  was  allowed  to  contact  up  to 
10  percent  of  the  packages.   In  the  post-containment  period,  the  allowable 
quantity  of  water  has  been  increased  to  reflect  the  possible  increased 
capacity  of  existing  water  flow  paths  due  to  contraction  cooling  of  the  rock 
mass  that  causes  increased  fracture  aperture,  or  the  anticipated  range  of 
changes  in  climate  during  the  post-containment  period. 

Figures  8.3.5.10-2  and  8.3.5.10-3  show  the  overall  outline  for  the  ref- 
erence and  alternative  approaches  to  be  used  in  the  resolution  of  this  issue. 
The  reference  approach  includes  branches  for  both  the  expected  case,  in  which 
the  amount  of  water  contacting  the  waste  form  is  negligible,  and  a  bounding 
case  (bounding  for  anticipated  processes  and  events) ,  in  which  20  L/yr  is 
allowed  to  contact  the  waste  forms  in  up  to  10  percent  of  the  waste  packages. 
The  approach  taken  to  resolve  Issue  1.5  takes  into  account  both  a  transition 
period,  when  the  fraction  of  failed  containers  may  increase  and  the  fraction 
of  wetted  containers  may  increase,  and  an  upper-limit  period  considering  the 
environment  and  container  performance  limits  of  Table  8.3.5.10-2  as  a  steady 
state.   Possible  pulse  releases  from  spent  fuel  of  fractions  of  carbon-14  and 
of  gap  and  grain  boundary  elements  must  be  considered  during  the  transition 
period.  No  assumption  is  made  about  the  container  performance  during  the 
containment  period  for  the  assessment  of  Issue  1.5;  all  possibilities  between 
0  and  1  fraction  of  containers  failed  and  between  0  and  0.10  of  waste  pack- 
ages in  contact  with  liquid  water  at  the  start  of  the  controlled-release 
period  will  be  considered. 

The  data  presented  in  Section  7.4.3  indicate  that  it  is  very  likely  that 
the  performance  objective  for  control  of  release  rate  from  the  engineered 
barrier  system  can  be  met  by  the  waste  forms  in  an  unprotected  condition, 
provided  that  the  analysis  is  done  using  the  conditions  of  the  expected  case. 
For  the  bounding  case,  the  performance  objective  can  be  met  provided  credit 
can  be  taken  for  the  fraction  of  waste  packages  where  the  waste  form  is  not 
contacted  by  water,  and  for  the  mass-transfer  resistance  of  breached  con- 
tainers and  cladding.  This  resistance  to  release  of  radionuclides  can  be 
provided  by  breached  containers  and  cladding,  even  in  their  degraded  con- 
dition. 

The  limitation  of  wetted  waste  forms  to  10  percent  of  the  total  depends 

on  environmental  and  engineered  elements.   The  existing  information  is  not 

sufficient  to  allow  a  final  selection  of  the  components  and  performance 

measures.   Several  components  and  processes  may  provide  barriers  to  water 
contact.  These  include 

1.  Hydrological — alteration  of  flow  paths  by  the  dehydration-rehydra- 
tion  cycle,  and  limited  water  flux  available  to  reestablish  pre- 
repository  partial  saturation  levels. 

2.  Water  flux  retained  in  porous  rock  component;  not  enough  water  flux 
for  fracture  flow  or  dripping. 

3.  Container  and  waste  form  are  hotter  than  surroundings,  can  evaporate 
water. 
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4.  Air  gap  will  separate  partially  saturated  rock  from  waste  form  over 
most  of  the  perimeter  of  the  waste  package. 

5.  Liner  and  container,  even  with  breaches,  will  provide  a  function  of 
separation  of  partially  saturated  rock  from  waste  form. 

6.  Limited  surface  area  of  waste  form  contacted  by  water. 

Because  the  repository  horizon  is  in  the  unsaturated  zone,  release  into 
the  gas  phase  must  be  considered.   For  the  expected  case,  negligible  flux  of 
liquid  water,  this  may  be  the  dominant  release  mechanism.   Because  of  its 
long  half-life,  carbon-14  is  the  only  significant  radionuclide  available  for 
gas-phase  release  during  the  controlled  release  period.   Because  of  the  lower 
gamma  fluxes  and  temperatures  in  the  controlled  release  period,  present  data 
suggest  that  the  release  rate  will  be  sufficiently  low  to  meet  the  require- 
ments of  10  CFR  60.113,  based  on  the  low  release  fraction  and  the  low  annual 
container  failure  rate. 

Figure  8.3.5.10-3  outlines  the  various  alternatives  to  be  used  if  the 
reference  approach  proves  inadequate  to  resolve  the  issue.   The  principal 
concerns  are  for  carbon-14  on  the  exterior  of  cladding  and  assembly  compo- 
nents and  the  readily  soluble  radionuclides  present  in  the  fuel. 

Currently,  there  is  considerable  uncertainty  in  the  release  rates  (dry 
and  aqueous),  mechanisms,  and  locations  of  carbon-14;  because  of  this,  two 
alternative  approaches  to  carbon-14  control  are  given  in  Figure  8.3.5.10-3. 
These  will  be  used  if  the  carbon-14  release  rates  from  failed  containers  are 
found  to  exceed  the  10  CFR  60.113(a)  limits  and  re-allocation  of  performance 
does  not  result  in  compliance.   The  first  alternative  would  be  to  request  a 
new  allowed  release  rate  for  carbon-14  under  the  provisions  of  10  CFR 
60.113(b),  provided  that  it  can  be  shown  that  such  a  release  rate  does  not 
compromise  the  overall  system  performance.  The  second  alternative  would  be 
to  remove  carbon-14  from  the  exterior  of  the  cladding  and  assembly  components 
by  heating  (and  oxidizing  the  carbon  to  carbon  dioxide)  before  emplacement. 
The  carbon-14  could  then  be  dealt  with  separately  from  the  spent  fuel  or 
solidified  as  calcium  carbonate  and  disposed  of  in  standard  containers. 

Two  alternatives  are  shown  in  Figure  8.3.5.10-3  in  the  event  that  liquid 
release  from  the  reference  design  is  not  low  enough  to  meet  the  requirements 
of  10  CFR  60.113.  The  first  is  to  take  into  account  other  components  and 
processes  to  limit  access  of  water  to  the  spent  fuel,  while  the  second  takes 
into  account  the  possible  contribution  of  the  rock  in  the  EBS  in  limiting 
release  (contingent  on  an  interpretation  through  a  mechanism  such  as  rule- 
making that  the  EBS  can  include  a  portion  of  the  host  rack) . 

There  are  limited  quantities  of  highly  soluble  radionuclides  that  are 
present  in  the  spent  fuel  waste  form  at  1,000  yr  after  closure.   These 
isotopes,  primarily  Tc-99,  1-129,  Cs-135,  and  Mo-93,  account  for  about  0.8 
percent  of  the  total  1,000  yr  inventory.  Under  the  expected  case  of  the 
reference  approach  (no  liquid  water) ,  these  nuclides  would  not  be  released 
from  the  engineered  barrier  system  because  there  is  no  aqueous  medium  for 
dissolution  and  transport.  Under  the  bounding  case,  in  which  bare  spent  fuel 
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is  contacted  by  as  much  as  20  L  of  liquid  water  per  container  per  year  for  up 
to  10  percent  of  the  packages,  the  solubility  and  availability  of  the  nuc- 
lides may  result  in  a  short  term  release  from  the  gap-grain  fraction  plus  an 
annual  release  from  the  matrix  fraction  at  1  x  10" 3  per  year.   The  short-term 
release  is  reduced  to  the  performance  objective  (1  x  10~5  per  year)  by 
scenario-dependent  factors  (e.g.,  timing  of  breach  or  wetting).   The  matrix 
release  component  is  reduced  by  a  factor  of  ten  due  to  the  absence  of  water 
and  a  further  factor  of  ten  due  to  these  other  barriers  (i.e.,  cladding  and 
container  breaches  and  their  mass  transfer  resistance) . 

The  existing  information  is  not  sufficient  to  allow  a  final  selection  of 
the  components.   Several  components  and  processes  are  available  to  provide 
barriers  to  the  release  of  gap  and  grain  boundary  radionuclides.   These 
include 

1.  The  rate  of  breach  of  the  containers  that  are  intact  at  the  end  of 
the  containment  period. 

2.  The  rate  of  breach  of  fuel  cladding  during  the  entire  period 
following  closure. 

3.  The  fraction  of  water  that  contacts  and  enters  breached  containers 
and  claddings  and  contacts  the  waste  form. 

4.  Dilution  of  concentration  of  radionuclides  in  solution  within 
breached  containers  before  release,  in  a  scenario  with  standing 
water  in  a  container. 

5.  The  limited  surface  area  of  fuel  contacted  by  water  in  trickle- 
through  and  unsaturated-contact  scenario. 

Several  components  and  processes  are  available  to  reduce  the  engineered 
barrier  system  release  rate  due  to  soluble  elements  released  from  the  waste 
form  matrix.   The  existing  information  is  not  sufficient  to  allow  a  final 
selection  of  the  components  and  performance  measures,  but  as  an  overall 
performance  measure,  a  factor  of  10  reduction  is  assigned.   Possible 
contributing  components  and  processes  include 

1.  Mass  transfer  rate  through  breached  cladding. 

2.  Mass  transfer  rate  through  breaches  in  containers,  or  mass  transfer 
rate  along  available  diffusion  pathways  of  partially  saturated  rock 
in  contact  with  partially  saturated  waste  form. 

3.  Limited  surface  area  of  fuel  contacted  by  water. 

4.  Limited  time  periods  of  contact  of  water  with  fuel  surface. 

Tests  and  analyses  to  support  the  basis  for  allocating  performance  to 
these  potential  barriers  are  described  under  Information  Needs  1.4.2  through 
1.4.4  (Sections  8.3.5.9.2  through  8.3.5.9.4)  and  1.5.2  through  1.5.4  in  this 
section. 
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Another  alternative  (which  applies  to  both  waste  forms)  would  be  to 
include  a  portion  of  the  host  rock  as  part  of  the  engineered  barrier  system. 
This  rock  is  expected  to  significantly  limit  the  release  rate. 

In  the  event  of  failure  to  demonstrate  all  the  previous  approaches,  an 
alternative  container  with  considerably  greater  expected  lifetime  before 
breach  might  be  used.  A  longer-life  container  could  be  developed  as  one 
alternative  that  might  be  considered  in  the  alternate  materials  and  contain- 
ers program  discussed  in  Section  8.3.5.9. 

The  strategy  for  meeting  the  controlled  release  requirements  of  10  CFR 
60.113  is  based  on  the  bounding  assumption  that  less  than  10  percent  of  the 
packages  will  be  contacted  by  less  than  20  L  of  water  per  package  per  year. 
This  value  was  obtained  by  multiplying  the  cross  sectional  area  of  a  vertical 
borehole  by  80  times  the  maximum  anticipated  flux  (9  times  the  flux  for  a 
horizontal  borehole)  passing  downward  through  the  cross-sectional  area.   The 
strategy  applies  only  to  an  unsaturated  repository. 

For  the  reference  approach,  a  performance  allocation  has  been  made  to 
system  elements  on  the  basis  of  both  the  expected  and  the  bounding  case  (see 
Figure  8.3.5.10-2).  The  performance  measures  and  goals  associated  with  the 
reference  approach  are  listed  in  Table  8.3.5.10-2.   Releases  for  various 
release  scenarios  are  based  on  values  given  in  the  table,  which  are  equal  to 
or  less  than  the  regulatory  requirement.   Control  of  the  quantity  of  water 
contacting  the  container  to  less  than  20  L/yr  requires  that  the  engineered 
environment  have  several  performance  measures  and  related  goals.  These  are 
further  discussed  in  Issue  1.10  (Section  8.3.4.2)  and  are  not  addressed  in 
detail  here.   There  are  seven  performance  goals  and  measures  in  the  reference 
case.   These  apply  to  the  quantity  and  quality  of  water  contacting  waste,  the 
containers,  and  the  waste  forms.  The  performance  parameters  needed  to  eval- 
uate some  of  these  performance  measures  are  listed  in  Table  8.3.5.10-3a.  As 
discussed  above,  for  some  other  performance  measures,  existing  information  is 
not  sufficient  to  allow  selection  of  components  and  allocation  of  the  param- 
eters' performance.   The  table  also  lists  parameters  that  are  consistent  with 
meeting  the  performance  goals  of  Table  8.3.5.10-2. 

The  first  set  of  parameters  (Table  8.3.5.10-3a)  refers  to  the  quality  of 
the  water  contacting  the  waste.  The  goals  for  the  constituents  of  the  water 
are  set  so  that  they  are  consistent  with  the  composition  of  well  J-13  water 
as  possibly  modified  by  the  thermal  loading  history  of  the  repository 
(Chapter  4) .   These  goals  are  used  as  a  basis  for  setting  goals  for  the  other 
parameters.  The  information  needs  to  establish  both  the  quantity  and  quality 
of  the  water  are  discussed  in  Section  8.3.4.2. 

The  second  and  third  sets  of  parameters  are  given  in  Table  8.3.5.10-3b. 
The  second  set  of  parameters  is  a  list  of  the  maximum  concentrations  of 
radionuclides  permissible  in  effluent  solutions  exiting  the  engineered  bar- 
rier system.   The  values  given  for  the  goals  are  the  concentrations  necessary 
to  meet  the  design  objectives  of  the  controlled-release  period.   The  third 
set  of  parameters  is  the  analogous  information  for  the  glass  waste  form. 
These  concentrations  are  for  the  upper-limit  water  flux  of  20  L/yr  contacting 
waste  in  10  percent  of  the  waste  packages.   For  lower  water  fluxes  through 
different  waste  packages,  correspondingly  higher  concentrations  are  allowed. 
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Table  8.3.5.10-2 


Performance  measures  and  goals  for  Issue  1.5  (engineered 
barrier  system  release  rates) 


System 

Performance 

Tentative 

Needed 

element 

measure 

goala 

confidence 

Engineered 

Quantity  of  liquid  water 

No  liquid  water 

High 

environment13 

that  can  contact  the 

contacting  waste 

container 

forms  for  90%  of 
packages  that 
may  be  contacted 
by  negligible 
quantities  of 
water.  For  the 
remaining  10% 
of  the  packages, 
<20  L  of  liquid 
water  per  pack- 
age per  year 
contacts  the 
waste  form 

Rate  of  breached 

High 

dry  packages 

becoming  wet 

<0.01/yr 

Water  quality 


Container 


Rock-induced  load 
on  waste  package 


Fraction  of  containers 
that  have  breachedc 


Constrain  water        High 
chemistry  to 
acceptable  levels 
for  waste  form 
performance 

Load  less  than         High 
design  basis 
(see  Table 
8.3.4.2-3) 

For  t  >1,000  for       High 
containers  with 
no  liquid  water 
contact:  <0.001/yr 

For  t  >1,000  for       High 
containers  with 
liquid  water 
contact:  <0.01/yr 
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Table  8.3.5.10-2. 


Performance  measures  and  goals  for  Issue  1.5  (engineered 
barrier  system  release  rates)  (continued) 


System 
element 


Performance 
measure 


Tentative 
goala 


Needed 
confidence 


Waste  Form 


Fractional  release  due 
to  mass  transfer 
resistance  of  breached 
containers  (and 
cladding) 


Release  fractions  or 
rates  from  waste  form 
components 


For  t  >1,000  for 
containers  with 
liguid  water 
contact:  <0.1 
(see  Section 
8.3.5.10.3) 

Release  rates  from 
breached  packages 
via  all  mechanisms, 
together  with  the 
mass  transfer 
resistance  of 
packages,  of 
<1  part  in  10,000 
(of  1,000  yr 
inventory)  per 
year  for  each 
radionuclide 


High 


High 


at  =  years  after  repository  closure. 

bEnvelope  for  anticipated  processes  and  events. 

cBreach  is  defined  as  allowing  air  flow  of  1  x  104  atm-cm3/s.   The 
maximum  fraction  of  total  failures  will  be  determined  as  part  of  the 
container  material  studies  and  will  be  consistent  with  regulatory  intent 


For  diffusional  contact  scenarios,  a  corresponding  limit  in  curies  per 
package  per  year  is  allowed. 

The  maximum  radionuclide  concentrations  per  liter  of  effluent  (or  per 
package  per  year)  are  based  on  release  requirements  that  yield  limits  for  the 
sums  from  all  contributing  modes  of  waste  release.   For  spent  fuel  these  sums 
include  rapid  fractional  releases  due  to  container  breaches  or  to  breached 
dry  containers  becoming  wet,  plus  the  gradual  releases  per  year  from  the 
accumulated  number  of  breached  and  wet  containers.   Performance  goals  for  the 
rates  of  container  failures  and  wetting  were  listed  in  Table  8.3.5.10-2.   The 
performance  measures  and  goals  for  the  waste  form  components  are  listed  in 
Table  8.3.5.10-3c. 
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Releases  for  various  failure  scenarios  are  based  on  rates  given  in  the 
performance  allocation  tables. 

The  performance  analyses  linking  the  allocated  values  of  the  performance 
parameters  to  the  higher-level  measure  of  performance  will  consider  several 
possible  scenarios  of  component  conditions  and  water  contact  modes.   The 
container  will  be  assumed  to  have  failed  at  one  or  more  locations,  but  the 
bulk  of  the  container  body  has  a  wall  thickness  greater  than  one-tenth  of  tne 
initial  thickness,  and  remains  structurally  intact.   The  failure  locations 
may  allow  the  following  water  contact  modes: 

1.  Water  accumulates  inside  the  package  up  to  the  level  of  the  lowest 
breach  and  exits  the  package. 

2.  Water  trickles  or  seeps  through  the  container  and  drains  out  of  a 
low-elevation  breach. 

3.  A  water  contact  without  moving  water  exists  between  the  partially 
saturated  rock,  container  and  corrosion  product  surfaces,  and  waste 
form,  due  to  capillarity  in  these  components. 

No  air-tight  sealed  condition  is  assumed  for  any  spent  fuel  cladding  or  glass 
waste  pour  canisters. 

The  data  in  hand  are  insufficient  to  choose  with  high  confidence  of 
success  a  final  licensing  approach  for  rapid  gaseous  release  of  carbon-14. 
Several  alternatives  are  under  study  (Figure  8.3.5.10-3).   The  development  of 
a  better  understanding  of  the  distribution  and  release  characteristics  of 
carbon-14  in  Zircaloy  cladding  and  assembly  hardware  is  needed,  since  the 
relatively  large  release  observed  in  the  fuel  temperature  test  may  be  due  to 
the  high  temperature  or  the  high  radiation  field  or  both.  Another  area  of 
investigation  is  the  breach  rate  of  containers,  since  a  time-distributed 
failure  rate  for  containers  would  minimize  the  pulsed  carbon-14  release.   The 
interaction  of  carbon-14  releases  from  waste  packages  with  natural  carbon  in 
the  repository  air  and  rock-water  system  will  also  be  studied  (Information 
Need  1.5.5,  Section  8.3.5.10.5).  Although  these  items  are  not  part  of  the 
reference  case,  they  are  discussed  along  with  the  reference  case  items  with 
which  they  are  associated. 

To  satisfy  the  needs  for  information  to  be  used  in  resolution  of 
Issues  1.1  (Section  8.3.5.13)  and  1.9  (Section  8.3.5.18),  a  more  realistic 
estimate  of  release  rates  and  total  releases  is  needed.   Some  of  the  system 
components  that  could  provide  additional  control  on  the  release  rate  have  not 
been  included  in  the  reference  case  calculations.   Inclusion  of  an  analysis 
of  the  condition  of  the  containers  would  allow  credit  to  be  taken  for  intact 
containers.   Zircaloy  or  stainless  steel  cladding,  either  intact  or  with 
minor  defects,  will  provide  an  additional  control  on  the  rate  of  dissolution 
of  the  pellets  contained  within  the  cladding.  All  these  factors  would  result 
in  lower  estimates  of  the  amount  of  waste  elements  leaving  the  container  and 
the  engineered  barrier  system.   The  Yucca  Mountain  Project  adopted  the 
current  DOE  interpretation  of  the  EBS  system  boundary  to  coincide  with  the 
surfaces  of  the  excavations  within  the  underground  facility.   The  DOE, 
however,  requires  the  Project  to  reevaluate  the  interpretation  before  the 
completion  of  repository  and  waste  package  advanced  conceptual  design.   If, 
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in  the  future,  portions  of  the  host  rock,  are  to  be  included  in  the  EBS,  the 
near-field  radionuclide  transport  studies  will  be  needed  to  resolve  this 
issue  (1.5)  and  to  provide  the  realistic  source  term  to  Issues  1.1  and  1.9. 

Radionuclide  source  term  calculations  will  examine  the  transport  proc- 
esses active  in  the  first  few  meters  of  host  rock  surrounding  an  emplaced 
waste  package.   These  calculations  are  required  to  provide  detailed  infor- 
mation on  the  anticipated  response  of  the  hydrogeologic  and  geochemical 
systems  to  the  maximum  design  thermal  loading,  and  to  provide  a  basis  for  the 
assessment  of  the  effectiveness  of  natural  and  engineered  barriers  against 
the  release  of  radioactive  materials  to  the  environment  (10  CFR  60.21).   The 
release  to  the  accessible  environment  will  be  calculated  in  activities  de- 
scribed under  Issue  1.1  (Section  8.3.5.13).  A  realistic  source  term  will 
serve  as  a  basis  for  establishing  bounding  conditions,  and  for  demonstrating 
that  predicted  performance  under  those  conditions  is  bounding.   For  radio- 
nuclide transport,  many  species  exhibit  a  strong  affinity  for  sorption  onto 
the  host  rock.   Under  anticipated  conditions,  it  is  expected  that  these 
species  will  interact  with  rock  that  is  within  meters  of  the  waste  package, 
as  opposed  to  hundreds  or  thousands  of  meters  from  the  repository.   There- 
fore, a  radionuclide  source  term  calculated  across  a  boundary  relatively  near 
the  waste  package  will  serve  as  a  realistic,  although  not  necessarily  bound- 
ing, source  term  for  transport  calculations  to  the  accessible  environment. 

Table  8.3.5.10-4  presents  the  performance  measure  for  this  activity. 
The  measure  is  the  relative  concentrations  of  radionuclide  species  as  a  func- 
tion of  time  and  distance  from  an  emplacement  hole  that  are  adsorbed  to  host 
rock,  dissolved  in  pore  and  fracture  water,  and  in  the  pore  and  fracture 
gases.   This  activity  will  provide  characterization  of  the  effectiveness  of 
the  host  rock  against  radionuclide  transport.   The  parameters  required  for 
these  assessments  are  host  rock  hydrologic  properties,  thermal  properties, 
transport  properties,  and  radionuclide  sorption  and  exchange  properties. 
Further,  release  of  radionuclides  from  the  engineered  barrier  system  and  a 
set  of  conditions  representing  anticipated  and  unanticipated  processes  and 
events  are  required.   Table  8.3.5.10-5  provides  the  linkages  to  those 
parameters  developed  in  other  sections  of  this  document.  The  parameters  of 
Table  8.3.5.10-5  are  developed  in  greater  detail  in  Sections  8.3.4  and 
8.3.5.13. 

To  ensure  that  the  testing  program  and  analyses  would  provide  the  infor- 
mation needed  to  resolve  this  issue  and  to  support  the  resolution  of  Issues 
1.1  (Section  8.3.5.13)  and  1.9  (Section  8.3.5.18),  characterization  goals 
were  set  for  the  description  of  the  waste  form  in  its  as-received  condition, 
the  handling  and  storage  of  the  waste  form  before  sealing  it  in  a  container, 
and  the  characterization  of  the  physical  and  chemical  processes  that  could 
affect  radionuclide  release  rates.  These  topics  are  discussed  briefly  in  the 
following  paragraphs. 

A.  Waste  form  definition 

The  characteristics  of  the  waste  forms  when  they  are  received  at  the 
repository  must  be  known  to  ensure  proper  handling,  interim  storage,  packag- 
ing, and  disposal  conditions.  A  number  of  the  characteristics  are  inter- 
related, such  as  radionuclide  inventory,  burnup,  and  waste  age  for  spent 
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fuel.   In  this  instance,  a  characterization  goal  was  set  for  one  of  these 
parameters:   the  radionuclide  inventory.   This  parameter  was  selected  because 
it  is  likely  to  be  the  least  well  known,  and  its  value  is  used  in  the 
greatest  number  of  cases  in  the  performance  analyses. 

Data  will  need  to  be  collected  to  allow  description  of  a  number  of  the 
characteristics  of  spent  fuel.  At  present,  there  is  insufficient  information 
about  the  variability  of  the  waste  form,  and  the  sensitivity  of  waste  form 
performance  to  that  variability,  to  allow  a  sensible  goal  for  characteri- 
zation to  be  set.  Where  this  is  the  case,  the  most  complete  characterization 
consistent  with  the  resources  for  information  will  be  provided.  As  infor- 
mation on  the  relative  importance  of  the  various  parameters  becomes  avail- 
able, more  precise  characterization  goals  will  be  set. 

There  are  two  parameters  known  to  be  important  with  respect  to  spent 
fuel  performance  under  disposal  conditions:   elements  that  migrate  as  gases 
during  use  in  the  reactor  and  the  population  of  cladding  that  contains 
defects.   The  former  is  needed  to  allow  prediction  of  the  rapid  release 
fraction  of  a  small  number  of  radionuclides  (isotopes  of  cesium,  iodine,  and 
technetium) ;  the  latter  is  needed  to  allow  estimation  of  the  number  of  fuel 
rods  for  which  water  can  immediately  gain  access  to  the  spent  fuel.   For  each 
of  these  parameters,  a  characterization  goal  is  assigned.   This  information 
is  reguired  for  resolution  of  both  Issue  1.4  and  this  issue. 

For  glass  waste  forms,  the  characterization  goals  will  be  given  in  the 
waste  acceptance  specifications.   The  specifications  relevant  to  resolution 
of  Issue  1.5  given  in  the  waste  acceptance  preliminary  specifications  (WAPS) 
(Klein,  1988)  are  as  follows: 

Specification  1.1  —  Chemical  composition,  reguiring  the  producer  to 
provide  sufficient  chemical  and  microstructural  information  necessary  to 
characterize  the  elemental  composition  and  crystalline  phases  for  the 
product  glass  and  expected  variations  in  these  characteristics  during 
the  life  of  the  production  facility. 

Specification  1.2  —  Radionuclide  inventory,  reguiring  the  producer  to 
provide  estimates  of  the  total  radionuclide  inventory  to  be  sent  to  the 
repository,  estimates  of  the  radionuclide  concentration  in  each  canis- 
ter, and  expected  variations  in  these  guantities  during  the  life  of  the 
production  facility. 

Specification  1.3  —  Leaching  properties,  reguiring  the  producer  to 
control  the  leaching  characteristics  of  the  glass  waste  form  during 
production  such  that  the  normalized  release  rates  for  sodium,  silicon, 
boron,  cesium-137,  and  uranium-238  in  a  28  day  MCC-1  leach  test  in 
deionized  water  do  not  exceed  one  gram  per  sguare  meter  per  day  averaged 
over  the  duration  of  the  test. 

Specification  1.4  —  Chemical  and  phase  stability,  reguiring  the 
producer  to  provide  glass  transition  temperatures  and  time-temperature- 
transformation  data  necessary  to  define  the  duration  at  any  specific 
temperature  which  causes  significant  changes  in  the  microstructure  or 
phase  compositions  of  the  glass  waste  forms  within  the  anticipated  range 
of  compositions. 
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WAPS  specifications  1.1  and  1.2  allow  the  selection  of  input  data  (e.g., 
rhermodynamic  and  kinetic  properties)  for  glass  waste  form  degradation  mod- 
els.  Such  data  are  ^argely  a  function  of  glass  composition.   The  range  of 
expected  glass  compositions  must  be  known  i  order  to  guide  the  development 
ind  application  of  a  glass  properties  degradation  data  base  (Activity 
..5.2.2.2)  . 

Specifications  1.3  and  1.4  are  necessary  to  limit  the  classes  of  models 
:hat  must  be  developed  to  resolute  Issue  1.5.  These  specifications  ensure 
.hat  the  glass  waste  form  sent  to  the  repository  by  the  producer  is,  on  the 
>asis  of  durability  and  microstructure,  similar  to  those  glasses  used  in 
leveloping  glass  degradation  models  and  a  glass  properties  degradation  data 
)ase  for  repository  specific  release  rate  predictions.   The  leach  rates 
referenced  in  specification  1.3  are  not  intended  to  be  a  measure  of  the  glass 
jaste  form  performance  in  the  repository  or  to  act  as  a  source  term  for  the 
)erformance  of  the  engineered  barrier  system.   This  specification  in  intended 
;o  discriminate  between  well-made  glasses  and  nonvitreous  products  that  may 
result  from  variations  in  process  feed  composition,  process  upsets  during 
J  nitrification,  and/or  post-vitrification  handling. 

The  goals  for  spent  fuel  description  are  as  follows: 

1.  The  inventory  of  radionuclides  at  emplacement  will  be  established  to 
within  <20  percent  for  each  radionuclide  that  will  constitute  more 
than  5  percent  of  the  activity  at  any  time  during  the  first 
10,000  yr  after  disposal. 

2.  The  condition  of  the  cladding  will  be  described  so  that  the  number 
of  rods  containing  defects  in  the  cladding  at  the  time  the  waste 
package  is  assembled  can  be  estimated  to  within  a  factor  of  2,  or  be 
shown  to  be  less  than  1  percent  of  the  population. 

3.  The  fission  gas  release  to  the  pellet-cladding  gap  will  be 
determined  so  that  the  gap  inventory  of  cesium  can  be  estimated  to 
within  a  factor  of  5. 

I.     Postacceptance,  pre-emplacement  storage,  and  handling  of  waste  forms 

Certain  storage  and  handling  conditions  can  cause  changes  in  the  waste 
rorms  that  would  be  detrimental  to  long-term  performance  under  disposal 
renditions.  To  prevent  the  occurrence  of  those  conditions,  goals  have  been 
set  on  the  handling  and  storage  of  the  waste  forms  after  receipt  at  the 
repository.  These  goals  have  been  assigned  on  the  basis  of  the  current 
knowledge  of  waste  properties  and  taking  into  consideration  the  present 
inderstanding  of  the  relative  importance  of  factors  affecting  performance. 
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The  goals  on  the  number  of  preemplacement  cladding  failures  are  motivated  by 
requirements  on  the  amount  of  fuel  that  can  be  allowed  to  oxidize.   Goals  for 
cladding  failures  are  also  set  under  Issue  1.4. 

The  goals  for  handling  and  storage  conditions  are  as  follows: 

1.  The  temperature  of  the  spent  fuel  waste  form  and  the  access  of  air 
to  the  waste  form  will  be  controlled  during  transport,  handling,  and 
storage  before  emplacement  such  that  oxidation  of  spent  fuel  through 
existing  cladding  defects  is  less  than  the  amount  that  would  result 
in  5  percent  cladding  strain. 

2.  The  processes  used  to  transport  and  handle  spent  fuel  at  the  surface 
handling  facility  will  be  designed  so  that  cladding  failure  from 
mechanical  abrasion  or  deformation  considering  thermally  induced 
effects  will  result  in  less  than  5  percent  cladding  strain. 

3.  For  glass  waste  forms,  the  storage  conditions  will  be  such  that  the 
transition  temperature  of  the  glass  is  not  exceeded. 

Analyses  to  define  the  temperature  and  air  access  limits  required  under 
goals  1,  2,  and  3  are  conducted  under  Information  Need  1.5.2.  Analyses 
conducted  to  resolve  Issue  4.4  (Section  8.3.2.5)  will  show  that  the  surface 
handling  facility  will  comply  with  the  temperature  and  air  access  goals 
determined  for  the  spent  fuel  and  glass  waste  forms. 

C.  Chemistry  of  water  that  enters  the  failed  containers 

Waste  form  dissolution  rates  and  the  solubility  of  mobilized  radionu- 
clides can  be  sensitive  functions  of  the  chemistry  of  the  water  that  contacts 
the  waste  forms.   The  chemistry  of  water  that  contacts  the  containers  and 
alterations  to  the  water  chemistry  due  to  container  corrosion  will  be 
determined  in  the  resolution  of  Issue  1.10  under  Information  Need  1.10.4. 
(Section  8.3.4.2.4).  The  chemistry  of  water  that  could  enter  failed 
containers  at  a  rate  greater  than  0.5  L/yr  will  be  characterized  to  within 
the  following  limits. 

pH       ±1  pH  unit 

Anions:   ±1  mg/L  for  fluoride,  chloride,  and  phosphate 
±10  mg/L  for  nitrate  and  sulfate 
±30  mg/L  for  carbonate  and  bicarbonate 
Cations:  ±1  mg/L  for  species  originally  present  at  less  than  6  mg/L. 
(Nickel  and  chromium  are  excluded  from  this 
requirement . ) 
±5  mg/L  for  species  originally  present  at  between  6  and 

40  mg/L 
±20  mg/L  for  species  originally  present  at  greater 
than  40  mg/L. 

D.  Dissolution  rai_e  of  the  components  of  the  waste  forms  and  solubility  of 
mobilized  radionuclides 

The  long-term  dissolution  rate  of  the  glass  waste  form  is  expected  to  be 
controlled  by  saturation-limited  kinetics;  as  the  solution  in  contact  with 
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he  glass  waste  form  approaches  saturation  with  amorphous  silica,  the  rate  of 
.issolution  is  expected  to  drop  to  very  low  values.  A  model  for  glass  dis- 
olution  by  this  mechanism  has  been  developed  and  appears  to  yield  a  reason- 
ble  fit  to  the  laboratory  data  (Grambow,  1984;  Grambow  et  al.,  1985,  1987). 
'he  long-term  dissolution  rate  of  spent  fuel  (U02)  is  also  expected  to  follow 

kinetic  rate  law;  however,  the  available  experimental  evidence  suggests 
hat  the  forward  dissolution  rate  of  U02  under  oxidizing  conditions  does  not 
pproach  zero  when  the  solution  in  contact  with  the  waste  reaches  saturation 
j  ith  respect  to  secondary  uranium-bearing  phases. 

For  both  waste  forms,  for  any  radionuclide  shown  to  have  a  dissolution 
r  mobilization  rate  greater  than  1  part  in  100,000  per  year  under  the 
onditions  given  in  the  bounding  case  in  Figure  8.3.5.10-2,  the  solubility 
; nd  speciation  of  that  radionuclide  under  anticipated  conditions  will  be 
determined,   in  this  case,  the  solubility  of  the  radionuclide  combined  with 
jt  he  low  water  flow  rate  will  act  to  limit  the  release  rate  of  the 
: adionuclide. 


The  spent  fuel  waste  form  is  more  complicated  than  the  glass  waste  form 
ecause  it  has  a  number  of  components,  each  with  different  release  or  disso- 
'■'.  ution  rates,  for  which  account  must  be  given.  Note  that  complexity  of  de- 
: cription  implies  neither  inferiority  nor  superiority  of  the  waste  form  in 
erms  of  the  ultimate  performance  that  will  be  demonstrated. 


The  performance  goal  for  the  spent  fuel  waste  form  is  to  show  that  the 
: urn  of  the  radioactivity  for  the  solutions  and  gases  exiting  the  waste  pack- 
;  ges  will  contain  no  more  than  one  part  in  100,000  per  year  of  the  inventory 
<f  each  radionuclide  present  in  the  total  repository  1,000  yr  after  closure. 

For  glass  waste  forms,  the  performance  goal  is  to  show  that  the  disso- 
. ution  rate  of  the  matrix  and  the  mobilization  of  elements  from  the  matrix 
hill  be  low  enough  to  ensure  that  water  exiting  a  failed  container  will  carry 
1 ith  it  no  more  than  1  part  in  100,000  per  year  of  the  container  inventory  of 
■ otal  radionuclides. 

Tests  and  analyses  to  show  that  these  goals  are  achieved  will  be  con- 
ducted under  Information  Needs  1.5.1,  1.5.2,  and  1.5.3  (Sections  8.3.5.10.1 
•hrough  8.3.5.10.3) 

1 .  Additional  barriers  available  to  be  used  to  resolve  this  issue 

The  following  additional  barriers  are  available  to  resolve  the  issue,  if 
; eeded,  under  the  reference  approach  for  liquid  releases. 

1.  The  container  failure  rate  under  anticipated  conditions  and  under 
unanticipated  conditions  will  be  described.   Tests  and  analyses  to 
provide  estimates  of  the  container  failure  rate  will  be  done  under 
Information  Needs  1.4.2  through  1.4.4  (Sections  8.3.5.9.2  through 
8.3.5.9.4) . 

2.  Cladding  failure  rate  will  be  determined  from  the  results  of  tests 
and  analyses  done  under  Information  Needs  1.5.2  and  1.5.3  (Sec- 
tions 8.3.5.10.2  and  8.3.5.10.3). 
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3.  For  water  that  encounters  a  breach  in  the  container  (and  cladding), 
the  fraction  of  water  that  enters  the  container  (and  cladding)  and 
fraction  that  passes  by  the  breach  site  without  entering  the  con- 
tainer (and  cladding)  will  be  characterized.  Tests  to  provide  data 
for  this  analysis  will  be  done  under  Information  Need  1.5.3  (Sec- 
tion 8.3.5.10.3)  . 

4.  Water  that  accumulates  within  a  failed  container  will  provide 
variable  dilution  factors  for  different  radionuclides.   The 
concentration  of  readily  soluble  radionuclides  due  to  the  rapid 
release  fraction  will  be  diluted  in  proportion  to  the  quantity  of 
water  that  accumulates.   This  will  have  the  effect  of  reducing  the 
release  rate  from  the  container  for  these  nuclides.  Tests  and 
analysis  to  support  estimation  of  the  dilution  factors  will  be  done 
under  Information  Need  1.5.3  (Section  8.3.5.10.3). 

F.  Potential  barriers  that  will  not  be  characterized 

The  following  potential  barriers  will  not  be  characterized: 

1.  The  flow  of  air  into  a  container  for  which  a  breach  sufficiently 
large  to  sustain  a  flow  of  air  at  1  x  10"4  atm-cm3/s  will  be  assumed 
to  proceed  without  impediment . 

2.  The  pour  canister  on  the  glass  waste  form  will  be  assumed  to  provide 
no  barrier  to  fluid  flow. 

G.  Transport  of  radionuclide-bearing  solutions  through  the  near-field 
environment 

The  system  model  for  performance  assessment  will  require  a  source  term 
to  represent  the  radionuclides  released  across  some  boundary  in  the  reposi- 
tory and  to  help  provide  an  assessment  of  the  effectiveness  of  natural  and 
engineered  barriers  against  release  of  radionuclides  to  the  environment.   To 
accommodate  the  needs  of  the  system  model  for  a  source  term,  tests  and  anal- 
yses will  be  conducted  to  show  the  effects  of  transport  of  solutions  that 
leave  the  waste  package  and  migrate  through  the  near-field  environment. 
These  tests  and  analyses  will  be  done  under  Information  Need  1.5.5  (Sec- 
tion 8.3.5.10.5)  . 

No  specific  goals  will  be  set  for  the  results  of  these  analyses;  how- 
ever, emphasis  will  be  placed  on  actinides  for  which  the  EPA  release  limits 
to  the  accessible  environment  are  a  small  fraction  of  the  amount  that  could 
be  released  from  the  engineered  barrier  system  under  the  performance  objec- 
tive for  radionuclide  release  rate  of  10  CFR  60.113.  Data  will  be  gathered 
predominantly  for  plutonium  and  americium  (Oversby,  1986) . 

Interrelationships  of  information  needs 

Information  Needs  1.5.1  and  1.5.2,  and  parts  of  1.5.3  and  1.5.4  will  be 
used  for  resolving  Issue  1.4  and  this  issue  (1.5).  The  data  from  Information 
Needs  1.5.3  and  1.5.4  not  used  for  this  issue  (1.5)  and  all  of  Information 
Need  1.5.5  will  be  used  in  the  resolution  of  Issues  1.1,  1.4,  and  1.9,  which 
are  addressed  in  Sections  8.3.5.13,  8.3.5.9  and  8.3.5.18,  respectively. 
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The  schedule  information  for  Issue  1.5  (engineered  barrier  system 
•elease  rates)  is  presented  in  Section  8.3.5.10.6. 


.3.5.10.1  Information  Need  1.5.1:  Waste  package  design  features  that 
affect  the  rate  of  radionuclide  release 

'echnical  basis  for  addressing  the  information  need 


This  information  need  addresses  the  condition  of  the  waste  (spent  fuel 
>r  glass)  as  it  arrives  at  the  repository,  and  the  Yucca  Mountain  Project 
raste  package  design  features  important  to  determining  radionuclide  release, 
'o  model  the  performance  of  the  waste  forms  under  repository  conditions, 
■eliable  data  are  reguired  on  the  population  statistics  for  the  parameters 
isted  in  the  following  parameters  section. 

.ink  to  the  technical  data  chapters  and  applicable  support  documents 

The  characteristics  of  the  waste  form  are  discussed  in  Chapter  7, 
Section  7.4.3.   Glass  waste  forms  will  be  further  described  in  the  waste 
■  qualification  report  from  the  waste  producer.   The  waste  container  design  is 
described  in  Section  7.3,  and  the  behavior  of  the  metal  barrier  components 
fcf  the  waste  package  are  discussed  in  Section  7.4.2. 

Parameters 

For  the  spent  fuel  waste  form,  parameters  are  reguired  for  the  fuel 
.tself,  the  fuel  cladding,  and  other  assembly  parts. 

The  fuel  parameters  are  as  follows: 

1.  As-fabricated  fuel  characteristics  (composition,  density,  etc.). 

2.  Peak  and  average  burnup. 

3.  Radionuclide  inventory. 

4.  Peak  linear  heat  generation  rate  (LHGR) . 

5.  Reactor  type:  pressurized  water  reactor  (PWR) ,  boiling  water 
reactor  (BWR) ,  or  other. 

6.  Fission  gas  release. 

7.  Microstructural  changes  in  the  fuel  due  to  irradiation. 

8.  Discharge  date. 

9.  Storage  medium  and  access  of  air  or  water  to  the  fuel. 

10.  Mean  and  peak  storage  temperature. 

11.  Pre-emplacement  releases  of  radionuclides,  if  any. 
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The  cladding  parameters  are  as  follows: 

1.  Chemical  composition. 

2.  Rod  pressurization. 

3.  Percentage  of  rods  with  defected  cladding,  types  of  defects,  and 
circumstances  under  which  failure  occurred. 

4.  Degree  of  oxidation. 

5.  Amount  and  type  of  crud  deposits. 

6.  Radionuclide  inventory  of  cladding. 

7.  Degree  of  hydrogen  embrittlement  or  hydride  formation,  if  known. 

8.  Peak,  and  average  storage  temperature. 

9.  Discharge  date. 

10.  Degree  of  mechanical  damage  to  cladding  that  does  not  result  in 
immediate  cladding  failure. 

11.  Preemplacement  releases  of  radionuclides  from  cladding  or  cladding 
deposits,  if  any. 

The  parameters  reguired  for  other  assembly  parts  are 

1.  Chemical  composition. 

2.  Location  in  assembly. 

3.  Discharge  date. 

4.  Chemical  or  physical  changes  in  assembly  components  due  to 
irradiation  or  storage. 

5.  Preemplacement  releases  of  radionuclides  from  assembly  components, 
if  any. 

The  parameters  for  glass  waste  forms  are 

1.  Chemical  composition. 

2.  Radionuclide  inventory. 

3.  Chemical  and  phase  stability. 

4.  Pour  canister  design. 

5.  Pour  canister  material. 

6.  Pour  canister  material  properties. 

7.  Pour  canister  closure  data. 

8.  Content  of  free  liquids. 

9.  Gas  content  in  canister  voids. 

8.3.5.10-40 


DECEMBER  1988 

10.  Explosive,  pyrophoric,  or  combustible  material  content. 

11.  Organic  material  content. 

12.  Free  volume. 

13.  Decay  heat  generation  rate. 

14.  Radiation  dose  rates. 

15.  Chemical  compatibility  of  waste  form  with  pour  canister. 

16.  Weight  of  glass. 

17.  Cracking  and  fine  particle  production. 

18.  Chemical  compatibility  of  pour  canister  and  container. 

19.  Shipment,  storage,  and  repository  handling  thermal  history. 


The  parameters  for  both  waste  forms  are 

1.  Timing  of  delivery  of  the  various  waste  types  to  the  repository. 

2.  Container  design. 

3.  Container  materials. 

4.  Chemical  compatibility  of  waste  forms  with  container. 

5.  Container  orientation. 

6.  Borehole  liner  design. 

7.  Borehole  liner  materials. 

8.  Compatibility  of  waste  form  with  borehole  liners. 

9.  Borehole  liner  corrosion  rate. 

10.  Borehole  liner  corrosion  products. 

11.  Borehole  shield  plug  design. 

12.  Borehole  shield  plug  materials. 

13.  Compatibility  of  waste  forms  with  borehole  shield  plugs. 

14.  Alteration  or  corrosion  products  of  borehole  shield  plugs. 

15.  Repository  thermal  loading. 

16.  Package  thermal  cycle  in  repository. 

jogic 

The  parameters  just  listed  will  provide  a  complete  description  of  the 

!  vaste  as  emplaced  in  the  repository  and  provide  the  data  to  determine  how  the 
vaste  characteristics  will  change  during  the  lifetime  of  the  repository. 


3.3.5.10.1.1  Activity  1.5.1.1:   Integrate  waste  form  data  and  waste  package 
design  data 

This  activity  accumulates  the  information  in  the  parameters  listed 
)reviously  from  waste  producers,  fuel  manufacturers,  and  other  repository 
studies.  No  tests  or  analyses  are  performed  in  this  activity. 


3.3.5.10.1.1.1  Subactivity  1.5.1.1.1:   Integrate  spent  fuel  information 

This  subactivity  will  involve  participation  in  the  Spent  Fuel  Working 
iroup,  liaison  activities  with  the  DOE  Office  of  Storage  and  Transportation 
Systems  and  other  groups  that  may  provide  data  on  spent  fuel,  and  review  and 
iccumulation  of  spent  fuel  data  and  results  to  determine  whether  information 
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specified  in  the  parameters  listed  previously  is  adequately  provided  by 
producers  and  other  repository  studies. 


8.3.5.10.1.1.2  Subactivity  1.5.1.1.2:   Integrate  glass  waste  form 
information 

This  subactivity  will  involve  participation  in  the  waste  acceptance 
process;  liaison  activities  with  West  Valley  Demonstration  Project  (WVDP) , 
Savannah  River  Laboratory  (SRL) ,  and  the  Defense  Waste  Processing  Facility 
(DWPF) ;  and  review  and  accumulation  of  glass  waste  form  data  and  results  to 
determine  whether  information  specified  in  the  parameters  listed  previously 
is  adequately  provided  by  producers  and  other  repository  studies.  Most  of 
the  information  specified  in  the  glass  waste  form  parameters  is  expected  to 
be  provided  in  the  Waste  Qualification  Report  as  part  of  the  waste  acceptance 
process.   The  major  goal  of  this  activity  is  to  ensure  that  the  needed  data 
are  provided. 


8.3.5.10.1.1.3  Subactivity  1.5.1.1.3:   Integrate  waste  package  and 
repository  design  information 

This  subactivity  will  involve  review  and  accumulation  of  data  other  than 
that  provided  by  waste  producers  and  the  Yucca  Mountain  Project  waste  form 
studies,  including  the  parameters  common  to  spent  fuel  and  glass  waste  forms 
in  the  list  given  earlier. 


8.3.5.10.1.2  Application  of  results 

The  results  of  this  information  need  will  determine  the  characteristics 
of  the  waste  forms  as  received  and  emplaced  at  the  repository,  and  provide 
the  data  to  determine  how  those  characteristics  will  change  with  time. 
Because  they  will  establish  important  parameters  such  as  waste  form  weight, 
radiation  dose  rates,  and  thermal  properties,  these  activities  are  important 
to  all  design  and  safety  issues.   The  data  will  be  used  as  the  basis  for  the 
testing  and  modeling  of  waste  form  performance,  and  thus  will  be  used  in 
resolving  Issues  1.1  (Section  8.3.5.13),  1.4  (Section  8.3.5.9),  1.5,  and  1.9 
(Section  8.3.5.18),  as  well  as  issues  requiring  knowledge  of  the  radionuclide 
release  source  term. 


8.3.5.10.2  Information  Need  1.5.2:  Material  properties  of  the  waste  form 

Technical  basis  for  addressing  the  information  need 

This  information  need  covers  the  experimental  work  carried  out  to  deter- 
mine the  material  properties  of  the  spent  fuel  and  glass  waste  forms  and  to 
assess  how  these  properties  would  affect  the  behavior  of  the  waste  forms 
under  the  Yucca  Mountain  Project  repository  conditions.   The  data  generated 
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:y   these  activities  will  be  used  under  Information  Need  1.5.3  (Sec- 
ion  8.3.5.10.3)  to  develop  models  for  the  long-term  performance  of  the  waste 
crms. 

Jink  to  the  technical  data  chapters  and  applicable  support  documents 

The  available  data  on  spent  fuel  dissolution  are  discussed  in  Sec- 
tion 7.4.3.1.1,  and  data  on  the  degradation  and  leaching  of  the  glass  waste 
prm  in  Section  7.4.3.2.  The  available  data  on  the  oxidation  of  irradiated 
J.ranium  dioxide  (U02)  fuel  are  discussed  in  Section  7.4.3.1.2.   The  available 
;  ata  on  the  corrosion  of  Zircaloy  are  discussed  in  Section  7.4.3.1.3. 

jjarameters 

The  information  needed  from  other  information  needs  includes  the 
|  allowing : 

1.  Waste  form  characteristics  and  waste  package  design  features 
(Information  Need  1.5.1,  Section  8.3.5.10.1). 

2.  Chemistry  of  the  water  contacting  the  waste  form  (Information 
Need  1.10.4,  Section  8.3.4.2.4). 

3.  Temperature  as  a  function  of  time  (Information  Need  1.10.4,  Sec- 
tion 8.3.4.2.4) . 

4.  Release  scenarios  (Information  Need  1.5.3,  Section  8.3.5.10.3). 

The  information  that  will  be  obtained  in  this  information  need  includes 
le  following: 

1.  Release  rate  of  radionuclides  from  the  spent  fuel  waste  form 
(includes  both  fuel  and  nonfuel  components) . 

2.  Mechanisms  of  release  from  spent  fuel. 

3.  Oxidation  rate  of  spent  fuel  as  a  function  of  temperature. 

4.  Primary  mechanisms  and  rates  of  Zircaloy  cladding  failure. 

5.  Release  rate  of  radionuclides  from  the  glass  waste  forms. 

6.  Mechanisms  of  release  from  the  glass  waste  forms. 
iDgic 

The  parameters  given  in  the  preceding  list  define  the  material 
properties  of  the  waste  forms  that  will  determine  their  performance  in  the 
iepository . 

The  primary  mechanism  for  the  transport  of  radioactivity  from  a  failed 
Mste  package  is  dissolution  of  the  waste  form  into  ground  water  followed  by 
nigration  due  to  the  natural  flow  of  ground  water.   It  is  thus  important  to 
cstermine  both  the  release  rate  of  the  radionuclides  of  interest  from  the 
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waste  form  as  a  function  of  time  as  well  as  the  equilibrium  solubilities  of 
these  elements  in  ground  water  of  appropriate  composition. 

Because  the  spent  fuel  waste  form  in  a  failed  container  may  be  exposed 
to  the  oxygen  in  air  for  a  period  of  time  before  its  initial  contact  with 
ground  water,  it  is  necessary  to  determine  the  oxidation  rate  of  uranium 
dioxide  and  the  effect  of  oxidation  on  dissolution.   In  addition,  the  volume 
change  attendant  upon  the  conversion  of  U02  to  U308  may  cause  gross  failure 
of  the  Zircaloy  cladding  on  a  fuel  rod  with  preexisting  minor  cladding  de- 
fects.  This  would  expose  a  much  greater  area  of  fuel  to  both  oxygen  and 
ground  water  than  would  be  the  case  for  an  essentially  intact  fuel  rod  and 
would  affect  both  the  oxidation  rate  and  the  dissolution  rate.   This  affects 
the  resolution  of  both  this  issue  and  Issue  1.4  (Section  8.3.5.9). 

The  Zircaloy  cladding  in  the  spent  fuel  waste  form  may  provide  a  barrier 
for  the  release  of  radionuclides,  especially  those  elements  present  in  the 
rapidly  released,  gap  and  grain  boundary  inventory  such  as  cesium  and  iodine. 
The  corrosion  rate  of  Zircaloy  will  be  studied  to  determine  the  effectiveness 
of  the  cladding  in  retarding  the  release  of  radionuclides.   The  nonfuel  com- 
ponents of  the  spent  fuel  waste  form  (including  cladding)  that  contain  acti- 
vation products  will  also  contribute  to  the  radionuclide  inventory  of  the 
repository.  Corrosion  of  these  assembly  parts  is  likely  to  be  a  major  source 
of  several  radionuclides  (nickel-59,  niobium-94,  carbon-14) . 

Radionuclide  release  from  glass  waste  forms  can  only  occur  after  breach 
of  both  the  container  and  the  pour  canister,  and  subsequent  entry  of  water. 


8.3.5.10.2.1  Activity  1.5.2.1:   Characterization  of  the  spent  fuel  waste 
form 

The  purpose  of  this  activity  is  to  conduct  tests  that  will  provide  data 
on  the  release  rate  of  radionuclides  from  the  spent  fuel  waste  form.   In  all, 
this  activity  consists  of  six  subactivities;  however,  the  bulk  of  the  experi- 
mental effort  is  covered  by  the  first  three  subactivities  discussed. 


8.3.5.10.2.1.1  Subactivity  1.5.2.1.1:  Dissolution  and  leaching  of  spent 
fuel 

Objectives 

The  objective  of  this  subactivity  is  to  determine  the  release  rate  of 
radionuclides  from  spent  U02  fuel.   Tests  will  be  conducted  to  determine  the 
effect  on  the  release  rate  of  the  parameters  in  the  following  list.   The 
results  of  these  tests  will  be  used  to  develop  models  of  spent  fuel  disso- 
lution and  radionuclide  release  under  Information  Need  1.5.3  (Sec- 
tion 8.3.5.10.3)  . 
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Parameters 

Information  is  required  for  the  following  parameters: 

1.  Fuel  burnup. 

2.  Fission  gas  release  of  the  fuel  during  reactor  operation. 

3.  Temperature. 

4.  Oxidation  state  of  the  uranium  in  the  spent  fuel. 

5.  Water  chemistry. 

6.  Reactor  type:  pressurized  water  reactor  (PWR) ,  boiling  water 
reactor  (BWR) ,  or  other. 

7.  Grain  size  of  the  fuel. 

8.  Radiation  field. 

I escription 

The  basic  methodology  of  the  tests  will  be  to  subject  specimens  of  spent 
::  uel  rods  to  contact  with  the  Yucca  Mountain  Project  reference  ground  water 
s  well  J-13  water) .   Tests  will  be  conducted  using  a  variety  of  spent  fuel 
(types  that  are  typical  of  the  population  of  fuel  expected  to  be  emplaced  in 
•t  he  repository.   Periodic  samples  of  the  solution  will  be  analyzed  for  water 
khemistry  and  radionuclide  content.  At  the  end  of  the  tests,  samples  of  the 
Leached  fuel  will  be  examined  with  the  scanning  electron  microscope  and  op- 
tical microscope  to  determine,  if  possible,  the  location  of  any  preferential 
dissolution.  An  effort  will  be  made  to  identify  any  phases  that  precipitate 
I  uring  the  test.   The  results  of  two  series  of  tests  using  these  methods  are 
:ummarized  in  Section  7.4.3.1.1. 

Additional  tests  will  be  conducted  to  determine  the  rate  of  reaction  of 
the  uranium  oxide  matrix  during  oxidative  dissolution.   These  tests  will 
comprise  both  "static"  dissolution  tests  using  an  isotope  dilution  technique 
Bruton  and  Shaw,  1987)  and  flow-through  tests.   Experiments  will  be  per- 
iormed  on  both  unirradiated  uranium  oxides  and  spent  fuel.   The  effects  on 
the  reaction  rate  of  temperature,  solution  chemistry,  and  the  oxidation  state 
;cf  the  uranium  in  the  so.1  id  reactant  will  be  determined.   Combined  electro- 
Khemical/spectroscopic  techniques  (Russo  et  al.,  1987)  will  be  used  in  other 
experiments  to  determine  the  chemical  species  present  in  solution  and  on  the 
iranium  oxide  surface  during  the  oxidative  dissolution  process.   These  data 
kill  be  used  in  constructing  a  mechanistic  model  for  the  dissolution  of  the 
■soent  fuel  matrix. 
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8.3.5.10.2.1.2  Subactivity  1.5.2.1.2:  Oxidation  of  spent  fuel 

Objectives 

The  objective  of  this  subactivity  is  to  determine  the  oxidation  rate  of 
irradiated  U02  fuel  as  a  function  of  the  parameters  in  the  following  list. 
The  results  of  these  tests  will  be  used  to  support  the  development  of  release 
models  under  Information  Need  1.5.3  (Section  8.3.5.10.3).   Some  of  the  oxi- 
dized fuel  produced  by  this  activity  will  be  used  in  spent  fuel  dissolution 
tests. 

Parameters 

Information  is  required  for  the  following  parameters: 

1.  Temperature. 

2.  Grain  size  of  the  fuel. 

3.  Particle  size  of  the  fuel  (fracture  density). 

4.  Atmospheric  humidity. 

5.  Radiation  field. 

6.  Burnup  of  the  fuel. 

7.  Fission  gas  release  of  the  fuel. 

Description 

Two  types  of  tests  are  planned:   (1)  thermogravimetric  analyses  (TGA) 
and  (2)  long-term  dry-bath  oxidation  tests.   Both  techniques  maintain  the 
spent  fuel  specimen  at  a  constant  temperature  and  humidity  in  a  20%  02  +  80% 
N2  atmosphere.  The  primary  means  of  determining  the  degree  of  oxidation  is 
by  monitoring  the  weight  gain  of  the  sample  over  the  course  of  the  test.  The 
two  methods  are  complementary.   The  TGA  tests  provide  continuous  monitoring 
of  weight  changes  of  small  samples  for  periods  up  to  approximately  three 
months.  The  dry-bath  oxidation  tests  use  larger  samples  and  can  be  run  for 
longer  periods  of  time  (two  or  more  years)  and  can,  therefore,  provide  infor- 
mation on  oxidation  rates  at  lower  temperatures  than  the  TGA  system;  however, 
the  record  of  weight  gain  by  the  sample  is  not  continuous.  After  oxidation, 
fuel  specimens  from  both  types  of  tests  will  be  examined  using  x-ray  diffrac- 
tion, ceramography,  SEM,  TEM,  and  the  ion-microprobe .  Einziger  (1985)  pre- 
sents a  more  complete  technical  description  of  the  tests  to  be  conducted 
under  this  subactivity. 


8.3.5.10.2.1.3  Subactivity  1.5.2.1.3:   Corrosion  of  Zircaloy 

Objectives 

The  objectives  of  this  subactivity  are  to  determine  the  principal  modes 
of  Zircaloy  cladding  degradation  and  to  determine  the  failure  rate  of 
cladding  due  to  these  modes.   The  results  of  these  tests  will  be  used  to 
support  the  development  of  release  models  under  Information  Need  1.5.3 
(Section  8.3.5.10.3).   Those  release  models  are  needed  to  resolve  both  this 
issue  and  Issue  1.4  (Section  8.3.5.9). 
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rameters 


Information  is  required  for  the  following  parameters: 

1.  Presence  or  absence  of  liquid  water. 

2.  Water  chemistry,  especially  iodine  and  fluorine  content. 

3.  Stress  levels  in  the  cladding  (includes  pressurization  and  pressure 
due  to  fission  gas  release) . 

4.  Temperature. 

5.  Compatibility  of  Zircaloy  with  other  metals  in  the  waste  package. 

6.  Hydrogen  (hydride)  content  of  the  cladding. 

7.  Thickness  of  the  external  oxide  layer  on  the  cladding. 

8.  Radiation  field. 

9.  Irradiation,  storage,  and  handling  history  of  the  cladding. 

10.   Presence  and  composition  of  residues  or  deposits  (crud)  on  the 
cladding. 

Ascription 

Smith  (1985)  has  summarized  the  conditions  in  a  tuff  repository  as  they 
Artain  to  Zircaloy  corrosion  and  has  identified  the  corrosion  processes  ex- 
acted to  operate  under  these  conditions.  As  discussed  in  Section  7.4.3.1.3, 
is  likely  modes  of  cladding  failure  are  (1)  stress  corrosion  cracking,  (2) 
t her  forms  of  electrochemical  corrosion,  and  (3)  hydride  reorientation. 

Stress  corrosion  cracking  from  the  fuel  side  of  the  cladding  is  not 
ttnsidered  a  likely  mode  of  failure  in  the  repository.   Existing  models 
f|asooji  et  al.,  1984)  suggest  that  the  fuel  rod  temperature  and  stress 
i stories  are  below  threshold  limits  for  initiation  of  failure  by  stress 
jtrrosion  cracking.  Additional  experiments  and  analyses  are  planned, 
cwever,  to  support  these  indications.  Uniform  corrosion  is  thought  to  be 
cd  slow  to  be  an  important  mode  of  cladding  degradation.  Nevertheless,  the 
cte  at  which  the  Zircaloy  corrodes  will  be  studied  as  part  of  a  series  of 
Jsctrochemical  corrosion  tests.   These  tests  will  also  examine  the  potential 
cr  pitting  corrosion.  Within  the  range  of  expected  water  and  vapor  chem- 
Itry  in  the  candidate  repository,  fluoride,  and  to  a  lesser  extent  chloride, 
jciine,  cesium,  and  cadmium  (the  last  three  from  the  waste  form)  ions  are  the 
cants  most  likely  to  have  an  adverse  effect  on  cladding  integrity.   Stress 
fepture  of  the  cladding  may  occur  if  a  small  defect  exists  and  the  fuel  oxi- 
izes  or  if  undetected  rods  are  subjected  to  high  temperatures.   The  hydrogen 
cntent  of  the  cladding,  particularly  if  the  hydrogen  is  present  as  reori- 
r;ed  hydride  platelets,  may  alter  the  susceptibility  of  the  cladding  to  this 
■cde  of  failure.  Tests  are  planned  to  study  each  of  the  preceding  modes  of 
ailure  and  to  quantify  the  rate  at  which  they  occur.   The  effect  of  each  of 
la  relevant  parameters  given  above  will  be  examined.   To  obtain  results  on  a 
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laboratory  time  scale,  it  is  likely  that  testing  will  need  to  be  carried  out 
under  conditions  more  extreme  than  those  anticipated  for  the  tuff  repository. 
Extrapolation  of  the  results  to  repository  conditions  will  require  mechanis- 
tic models  for  the  various  failure  modes  and  will  be  carried  out  under  the 
activities  for  Information  Need  1.5.3  (Section  8.3.5.10.3). 

The  report  by  Smith  (1985)  discusses  the  planned  test  matrix.  Three 
types  of  tests  are  currently  planned: 

1.  Electrochemical  corrosion  tests  will  involve  the  exposure  of  Zir- 
caloy  cladding  to  ground  water  in  the  presence  of  air,  tuff,  and 
candidate  container  materials  at  a  variety  of  temperatures  and  pres- 
sures. As  discussed  above,  the  effect  of  particular  ions  thought  to 
be  important  will  be  evaluated  by  modifying  the  chemistry  of  the 
solutions  used  in  these  tests.  These  tests  will  examine  the  rate  of 
generalized  corrosion  and  the  susceptibility  of  the  cladding  to 
pitting  corrosion  under  repository-relevant  conditions.   Post-test 
examination  of  the  specimens  will  focus  on  any  changes  in  the  struc- 
ture of  the  passivating  oxide  film  and/or  the  growth  of  such  a  film 
for  cases  in  which  the  pre-existing  film  was  purposely  removed. 

2.  Stress  corrosion  cracking  testing  will  be  carried  out  using  C-rings 
of  Zircaloy,  which  will  be  stressed  to  near  their  yield  point  in  the 
presence  of  ground  water,  and  by  the  use  of  an  apparatus  allowing 
cladding  segments  to  be  overpressurized  in  the  presence  of  liquid 
water.   The  effect  of  initiating  agents  such  as  fluorine  and  iodine 
will  be  examined  by  altering  the  chemistry  of  the  water.  Other 
test  methods,  including  standard  methods  where  applicable,  may  be 
used  to  supplement  these  tests. 

3.  The  role  of  stress  rupture  will  be  evaluated  by  overpressurizing 
Zircaloy-clad  fuel  rod  segments.   Tests  will  be  conducted  using 
cladding  with  a  range  of  hydrogen  content,  hydride  density,  and 
hydride  orientation  to  determine  the  effect  of  hydride  reorientation 
on  the  mechanical  strength  of  the  cladding. 

In  all  these  tests,  the  Zircaloy  will  be  examined  after  testing  by  a 
variety  of  techniques,  including,  but  not  limited  to,  metallography,  scanning 
electron  microscopy,  transmission  electron  microscopy,  and  a  scanning  Auger 
technique.  Additional  tests  may  be  undertaken  as  a  better  understanding  of 
the  behavior  of  Zircaloy  under  tuff  repository  conditions  develops. 
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8.3.5.10.2.1.4  Subactivity  1.5.2.1.4:   Corrosion  of  and  radionuclide  release 
from  other  materials  in  the  spent  fuel  waste  form 

Objectives 

The  objectives  of  this  subactivity  are  to  quantify  the  corrosion  rate 
and  consequent  release  of  radionuclides  from  components  of  the  spent  fuel 
■waste  form  not  included  in  the  studies  on  the  uranium  dioxide  fuel  itself  and 
its  Zircaloy  claddinq.   The  primary  components  to  be  studied  are  stainless 
steel,  Inconel,  and  naval  brass  parts  used  as  spacers,  fittinqs,  and  other 
structural  elements  of  reactor  fuel  assemblies.  The  results  of  these  tests 
■will  be  used  to  support  the  development  of  radionuclide  release  models  under 
Information  Need  1.5.3  (Section  8.3.5.10.3). 

Parameters 

Information  is  required  for  the  followinq  parameters: 

1.  Composition  of  material. 

2.  Water  chemistry. 

3.  Temperature. 

4.  Radiation  field. 

5.  Irradiation  history  of  the  material. 

6.  Atmospheric  humidity. 

Description 

At  present,  the  tests  to  evaluate  the  release  of  radionuclides  from 
issembly  materials  are  in  the  planninq  staqe.   Some  form  of  semistatic  leach 
i  :estinq  under  conditions  similar  to  those  anticipated  in  the  tuff  repository 
»ill  probably  be  performed.   The  tests  will  need  to  identify  both  the  corro- 
sion rate  of  the  various  assembly  materials  and  the  rate  of  radionuclide 
release  from  the  materials  and  their  corrosion  products. 


3.3.5.10.2.1.5  Subactivity  1.5.2.1.5:  Evaluation  of  the  inventory  and 
release  of  carbon-14  from  Zircaloy  claddinq 

•  Objectives 

The  objectives  of  this  subactivity  are  to  determine  the  source,  inven- 
\   :ory,  and  location  of  carbon-14  in  Zircaloy  claddinq.   In  addition,  the 
i  potential  for  release  of  carbon-14  in  the  form  of  carbon  dioxide  from  clad- 
\   iinq  will  be  studied.   The  parameters  in  the  followinq  list  are  presently 
;  :houqht  to  be  of  importance  in  determininq  both  the  inventory  and  release 

characteristics  of  carbon-14  in  Zircaloy  claddinq.   The  results  of  these 
■   .ests  will  be  used  to  support  the  development  of  radionuclide  release  models 

inder  Information  Need  1.5.3  (Section  8.3.5.10.3). 

'arameters 

Information  is  required  for  the  followinq  parameters: 
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Reactor  type:   pressurized  water  reactor  (PWR)  ,  boiling  water 
reactor  (BWR) ,  or  other. 


Irradiation  history. 

Extent  and  nature  of  crud  deposits  on  the  cladding. 

Thickness  of  oxide  film  on  the  cladding. 

5.  Temperature. 

6.  Radiation  field. 

7.  Nature  of  atmosphere  surrounding  the  cladding  (oxidizing  or  inert) 

Description 

Experiments  are  planned  to  determine  the  release  characteristics  of 
carbon-14  from  Zircaloy  cladding.   These  involve  heating  whole  assemblies, 
individual  rods,  or  rod  segments  in  an  oxidizing  atmosphere  and  measuring  the 
release  of  carbon-14  as  a  function  of  time  and  temperature.  Other  studies 
are  aimed  at  establishing  how  much  of  the  carbon-14  is  located  within  the 
Zircaloy  and  how  much  is  carried  by  the  external  coatings  of  crud  and 
zirconium  oxide.   These  studies  involve  controlled  etching  of  cladding 
segments  before  heating  to  release  the  carbon  as  carbon  dioxide.   In  both 
types  of  test,  the  cladding  will  be  examined  to  document  the  nature  and 
extent  of  any  surface  deposits  as  well  as  any  microstructure  within  the  body 
of  the  cladding.  Additional  tests  may  be  conducted  as  more  information  on 
carbon-14  in  Zircaloy  is  gathered. 

The  source  of  the  carbon-14  has  a  large  role  in  determining  whether  the 
radioactive  carbon  is  within  the  Zircaloy  or  is  in  surface  deposits.  If  the 
carbon-14  is  produced  primarily  by  (n,p)  reactions  on  nitrogen-14  impurities 
within  the  cladding,  then  most  of  the  carbon-14  would  be  expected  to  be  loc- 
ated there.  If,  on  the  other  hand,  (n, alpha)  reactions  on  oxygen-17  in  the 
reactor  cooling  water  are  the  dominant  source,  then  the  carbon-14  will  prob- 
ably be  mainly  located  in  surface  deposits.  The  relative  importance  of  these 
sources  may  depend  on  the  type  of  reactor  involved.  The  release  character- 
istics of  the  carbon-14  will  depend  strongly  on  the  relative  importance  of 
these  two  sources;  the  carbon-14  should  be  released  from  surface  deposits 
much  more  guickly  than  if  the  carbon  must  diffuse  through  a  significant 
thickness  of  cladding.  Isotopic  analyses  of  the  stable  carbon-12  and 
carbon-13  associated  with  the  released  carbon-14  may  aid  in  identifying  the 
source  of  the  latter. 


8.3.5.10.2.1.6  Subactivity  1.5.2.1.6:  Other  experiments  on  the  spent  fuel 
waste  form 

Objectives 

As  testing  continues  on  the  properties  and  behavior  of  the  spent  fuel 
waste  form,  it  is  possible  that  additional  tests  not  covered  by  the  other 
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:ive  subactivities  in  this  activity  will  be  required.   Those  tests  will  be 
:onducted  under  this  subactivity.   Currently,  only  one  area  of  investigation 
fells  into  this  category:  the  behavior  of  stainless  steel-clad  fuel  under 
uff  repository  conditions. 

'escription 


Test  descriptions  will  be  issued  as  the  need  arises 


.3.5.10.2.2  Activity  1.5.2.2:   Characterization  of  the  glass  waste  form 

The  purpose  of  the  subactivities  in  this  analysis  is  to  provide  the  data 
required  to  calculate  release  rates  from  glass  waste  forms. 


3.5.10.2.2.1  Subactivity  1.5.2.2.1:   Leach  testing  of  glass 

(bjectives 

The  objectives  of  this  subactivity  are  to  (1)  use  static  leach  testing 
to  provide  high-quality,  high-precision  data  on  the  rates  and  amounts  of 
radionuclide  release  from  waste  glass  in  contact  with  standing  water,  and 

2)  use  unsaturated  leach  testing  to  provide  data  on  the  rates  and  amounts  of 
radionuclide  release  from  waste  glass  that  is  contacted  by  water,  which  then 
il  lows  off  the  glass  without  remaining  for  long  periods  of  time. 

I arameters 

The  information  needed  from  other  information  needs  includes 

1.  Waste  glass  composition. 

2.  Leaching  water  composition. 

3.  Temperature. 

4.  Ratio  of  water-to-glass  surface  area. 

5.  Container  material. 

6.  Pour  canister  material. 

7.  Other  waste  form  characteristics  from  Information  Need  1.5.1 
(Section  8.3.5.10.1) . 

The  output  parameters  for  this  activity  are  the  rates  of  release  of 
radionuclides  from  waste  glasses  in  contact  with  water  and  in  the  presence  of 
inportant  materials  such  as  the  container  material. 
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Description 

Leaching  of  glass  in  contact  with  standing  water  may  occur  when  water 
fills  a  breached  container  and  pour  canister.   Leach  testing  under  static 
conditions  will  provide  constraints  on  the  release  rate  under  these  condi- 
tions.  In  addition,  leach  testing  under  static  conditions  is  the  simplest 
form  of  leach  testing,  and  the  results  may  be  generally  applied  to  provide 
constraints  upon  other  leaching  scenarios.   The  simplicity  of  these  experi- 
ments makes  them  the  most  reproducible  form  of  leach  testing.  The  testing 
done  in  this  activity  is  intended  to  test  the  most  important  scenarios  for 
release  (e.g.,  temperature,  water  chemistry,  and  interaction  with  repository 
materials) .  Accordingly,  long-term  test  matrices  will  be  set  up  drawing  upon 
the  information  obtained  from  the  materials  interactions  tests  (Sub- 
activity  1.5.2.2.2,  Section  8.3.5.10.2.2.2)  that  will  examine  a  broad  range 
of  possible  leaching  conditions. 

A  possible  scenario  for  release  from  glass  may  be  that  in  which  water 
enters  a  breached  pour  canister  and  reacts  with  the  glass  (but  is  not  held  in 
contact  with  the  glass)  and  then  flows  away.  Water  dripping  onto  and  off 
glass  is  one  example.   Because  of  the  extremely  high  glass-to-water  ratios 
that  may  occur  under  these  conditions,  a  special  test  called  the  Project 
Unsaturated  Test  Method  has  been  developed  to  examine  the  effects  of  release 
under  these  conditions  (Section  7.4.3.2).  As  part  of  this  activity,  un- 
saturated testing  will  be  performed  to  provide  the  complementary  data  to  that 
described  for  static  leach  testing. 

Glasses  to  be  tested  in  this  subactivity  will  include  both  radioactive 
and  simulated-waste  glasses.  A  range  in  compositions  representing  the  range 
to  be  produced  (as  described  by  the  producer  in  the  Waste  Compliance  Plan  and 
Waste  Qualification  Report)  will  be  used.  All  related  confirmation  testing 
will  be  conducted  under  this  activity  (refer  to  milestones  in  Sec- 
tion 8.3.5.10.2.4)  . 


8.3.5.10.2.2.2  Subactivity  1.5.2.2.2:  Materials  interactions  affecting 
glass  leaching 

Objectives 

The  objective  of  this  subactivity  is  to  examine  a  broad  range  of  factors 
that  may  influence  glass  leaching  and  degradation.   Those  determined  to  be 
most  important  will  be  tested  further  in  Subactivity  1.5.2.2.1  (Sec- 
tion 8.3.5.10.2.2.1).   This  activity  will  provide  information  on  mechanisms 
for  input  to  development  of  the  glass  leaching  model,  Activity  1.5.3.4 
(Section  8.3.5.10.3.4).   Both  calculational  and  experimental  technigues  will 
be  used  to  examine  the  effects  of  possible  interactions  so  that  no  important 
mechanisms  for  glass  release  will  fail  to  be  considered  by  the  testing  and 
modeling  programs. 

Parameters 

The  information  needed  from  other  information  needs  includes 
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1.  Waste  glass  composition. 

2.  Leaching  water  composition. 

3.  Temperature. 

4.  Ratio  of  water-to-glass  surface  area. 

5.  Container  material. 

6.  Pour  canister  material  and  heat-treated  canister  material. 

7.  Radiation  effects  on  leachant  composition. 

8.  Cracking  and  disaggregation  of  glass. 

9.  Changes  in  fluid  composition  caused  by  other  repository  components 
such  as  grout  and  concrete. 

10.   Other  waste  form  characteristics  from  Information  Need  1.5.1 
(Section  8.3.5.10.1)  . 

The  output  parameters  for  this  activity  are  the  effects  on  glass 
ILteration  rate,  and  on  glass  leaching  rate  and  mechanism  caused  by  the 
pteractions  of  the  studied  materials. 

::scription 

A  large  number  of  interactions  may  affect  the  rate  of  glass  degradation 
i  the  repository.  Among  the  most  important  are  interactions  involving  the 
.rameters  in  the  preceding  list.  Other  interactions  will  be  identified  and 
:amined  as  part  of  this  activity. 

Two  types  of  experimental  work  will  be  conducted.   In  the  first  type, 
aching  experiments  will  be  performed  in  which  the  interacting  material,  or 
diation,  is  present  with  the  glass.   Several  leaching  tests  will  be  used 
eluding  static  testing,  unsaturated  testing,  and  pulsed  flow  testing.   In 
e  second  type  of  testing,  fluid  chemistries  will  be  altered  to  simulate 
pository  influences.   In  both  tests,  EQ3/6  modeling  will  be  used  to  aid  in 
signing  the  experiments,  and  the  results  will  then  be  used  to  aid  in  the 
(velopment  of  the  glass  modeling  EQ3/6  package  of  codes.   Container  materi- 
I s  will  be  added  to  the  experiments  based  on  the  metal  selection  process 
Issue  1.4,  Section  8.3.5.9).  Until  the  metal  is  selected,  type  304L  stain- 
€ss  steel  (the  pour  canister  material)  will  be  used. 


.3.5.10.2.2.3  Subactivity  1.5.2.2.3:   Cooperative  testing  with  waste 
producers 

: jectives 

The  objective  of  this  subactivity  is  to  conduct  a  cooperative  testing 
3gram  with  the  waste  producers  to  allow  for  the  testing  of  full-scale  waste 
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forms  and  to  ensure  that  the  laboratory-scale  test  results  obtained  by  the 
producers  are  consistent  with  those  obtained  by  the  Yucca  Mountain  Project. 

Parameters 

The  most  important  parameters  for  this  subactivity  are  the  following: 

1.  The  effect  of  scale  (full-scale  versus  laboratory-scale)  tests  on 
leaching  rates. 

2.  Water  flow  and  contact  with  glass  in  a  pour  canister. 

3.  Reproducibility  and  accuracy  of  testing. 

4.  Glass  compositional  effects  on  leach  rates. 

Other  parameters  are  the  same  as  those  listed  for  Subactivity  1.5.2.2.2 
(Section  8.3.5.10.2.2.2)  . 

Description 

This  subactivity  involves  cooperation  with  the  waste  form  producers  in 
designing  and  interpreting  leach  tests  on  laboratory-scale  and  full-scale 
waste  forms.   No  testing  under  this  subactivity  will  be  performed  by  the 
Yucca  Mountain  Project.  Testing  will  be  performed  by  the  waste  producers  on 
pieces  cut  from  full-scale  canisters  to  ensure  that  the  laboratory-scale 
measurements  can  be  adeguately  applied  to  actual  leaching  in  the  repository. 
The  Yucca  Mountain  Project  will  provide  the  following:   (1)  assistance  in 
designing  the  experiments,  (2)  assistance  in  interpreting  the  results 
including  geochemical  analysis  using  EQ3/6  and  the  glass  modeling  codes,  and 
(3)  repository  relevant  materials  to  be  used  in  testing  possible  repository 
interactions. 

The  waste  producers  are  also  conducting  laboratory-scale  tests  similar 
to  those  done  by  the  Yucca  Mountain  Project.   In  this  subactivity,  those 
results  will  be  compared  to  ensure  that  the  waste  producers  and  the  Yucca 
Mountain  Project  both  observe  similar  behavior  in  glass  leaching  experiments, 
Additional  tests  may  be  added  to  the  other  two  Yucca  Mountain  Project  glass 
testing  activities  to  confirm  these  results  or  to  resolve  inconsistencies. 

Because  a  large  body  of  consistent  data  on  glass  leaching  behavior  is 
required,  the  cooperation  with  waste  form  producers  is  important  to  confirm 
that  the  data  provided  by  waste-producer  tests  will  be  usable  in  licensing 
the  repository. 


8.3.5.10.2.3  Application  of  results 

The  information  generated  under  this  information  need  will  be  used  to 
develop  models  and  scenarios  for  the  release  of  radionuclides  in  Information 
Need  1.5.3,  Section  8.3.5.10.3.   This  information  is  also  the  primary  input 
to  those  models.  Other  performance  issues  that  are  directly  affected  by  the 
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material  properties  of  the  waste  form  are  Issues  1.1  (Section  8.3.5.13),  1.2 
Section  8.3.5.14),  and  1.4  (Section  8.3.5.9). 


8.3.5.10.3  Information  Need  1.5.3:   Scenarios  and  models  needed  to  predict 
the  rate  of  radionuclide  release  from  the  waste  package  and 
engineered  barrier  system 

Technical  basis  for  addressing  the  information  need 

This  information  need  will  draw  together  the  scenarios  and  conditions 
for  radionuclide  release  provided  by  information  needs  or  investigations 
under  the  the  following  issues  or  characterization  programs: 


Issue  or 

program  Short  title 

1.1  Total  system  performance  (Section  8.3.5.13) 

1.4  Containment  by  waste  package  (Section  8.3.5.9) 

1.10  Waste  package  characteristics  (postclosure) 

(Section  8.3.4.2) 

8.3.1.2  Geohydrology 

8.3.1.3  Geochemistry 

8.3.1.4  Rock  characteristics 

8.3.1.5  Climate 

8.3.1.6  Erosion 

8.3.1.8  Postclosure  tectonics 


This  information  will  be  combined  with  the  models  that  will  be  used  to 
predict  radionuclide  release  under  anticipated  and  unanticipated  conditions 
for  10,000  yr  (10  CFR  60.112  and  40  CFR  191.13)  and  under  expected  conditions 
for  100,000  yr  (10  CFR  960.3-1-5). 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  scenarios  and  conditions  for  radionuclide  release  are  derived  from 
the  information  on  site  geology  (Chapter  1),  hydrology  (Chapter  3),  geochem- 
istry (Chapter  4),  climatology  (Chapter  5),  repository  design  (Chapter  6), 
emplacement  environment  (Section  7.1),  waste  package  design  (Section  7.3), 
waste  package  environment  (Section  7.4.1),  and  metal  barriers  studies 
(Section  7.4.2).   Some  scenarios  requiring  analysis  will  arise  from  informa- 
tion needs  of  total  system  performance  assessment,  which  are  discussed  in 
Section  8.3.5.13. 
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Performance  assessment  models  that  will  be  used  to  predict  radionuclide 
release  from  the  engineered  barrier  system  have  been  discussed  in  Sec- 
tion 7.4.5  and  the  interrelationships  are  shown  in  Figure  8.3.5.10-1.   The 
design-related  inputs  to  these  analyses  appear  in  Section  7.3.  Details  of 
activities  that  will  develop  waste  package  process  models  that  will  be  imple- 
mented in  performance  assessment  modeling  appear  in  waste  package  environment 
(Section  7.4.1),  metal  barrier  studies  (Section  7.4.2),  waste  form  degrada- 
tion (Section  7.4.3),  and  geochemical  modeling  (Section  7.4.4).  Model  inputs 
are  shown  in  Table  8.3.5.10-1. 

Parameters 

Input  parameters  for  scenario  development  are  the  following: 

1.  Output  parameters  from  Issue  1.1  (conditions  that  reflect  climatic, 
geohydrologic,  or  geologic  phenomena  in  the  far  field  but  which 
result  in  changes  at  the  repository  level  computed  by  total  system 
performance  models)  (Section  8.3.5.13). 

2.  Output  parameters  from  Information  Need  1.4.4  (waste  package 
container  failure  modes  and  times)  (Section  8.3.5.9.4). 

3.  Output  parameters  from  Issue  1.10  (configurations  and 
characteristics  of  waste  package  designs)  (Section  8.3.4.2). 

4.  Output  parameters  from  Issue  1.11  (characteristics  of  the  repository 
and  engineered  barriers)  (Section  8.3.2.2). 

5.  Output  parameters  from  Issue  1.12  (characteristics  of  the  shaft  and 
borehole  seals  that  may  affect  waste  package  performance)  (Sec- 
tion 8.3.3.2) . 

6.  Output  parameters  from  Characterization  Programs  8.3.1.2  and  8.3.1.3 
(changes  in  geohydrologic  and  geochemical  conditions) . 

7.  Output  parameters  from  Characterization  Programs  8.3.1.4,  8.3.1.5, 
8.3.1.6,  and  8.3.1.8  (changes  in  geologic,  hydrologic,  and  geome- 
chanical  conditions  that  may  directly  affect  waste  package  perform- 
ance) . 

Output  parameters  for  scenario  development  are 

1.  Identification  of  scenarios  due  to  all  anticipated  processes  and 
events,  in  terms  of  qualitative  features  and  far-field  or  other 
controlling  parameters. 

2.  Parameters  of  the  near-field  environment  and  of  the  waste  package, 
describing  scenarios  due  to  anticipated  processes  and  events. 

3.  Parameters  of  the  near-field  environment  and  of  the  waste  package, 
describing  scenarios  due  to  unanticipated  processes  and  events  to 
the  extent  needed  by  Issue  1.1  (total  system  performance). 
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4.  A  determination  of  whether  the  parameters  of  the  scenarios  due  to 
all  anticipated  processes  and  events  fall  within  the  design  envelope 
assumed  for  waste  package  design  and  performance  allocation  (see 
Section  8.3.4.2) . 

Data  needed  for  the  geochemical  modeling  of  the  reaction  of  waste  forms 
with  water  are  the  following: 

1.  The  eguilibrium  aqueous  speciation  of  solutes. 

2.  The  equilibrium  solid  and  aqueous  compositions  of  systems  consisting 
of  mixtures  of  gas,  liquid,  and  solids. 

3.  The  thermodynamic  and  kinetic  data  for  solid  and  liquid  species 
required  to  calculate  equilibria  and  reaction  rates  in 
gas-liquid-solid  systems. 

The  output  parameters  from  geochemical  modeling  are  the  following: 
fluid  compositions,  amount  and  composition  of  solids,  and  overall  rates  of 
reaction  and  approach  to  equilibrium  for  complicated  systems. 

The  input  parameters  for  waste  form  release  models  are  the  following: 

1.  The  waste  form  characterization  parameters  specified  in  Information 
Need  1.5.1. 

2.  The  waste  form  material  properties  specified  in  Information  Need 
1.5.2. 

3.  The  parameters  specified  previously  in  this  information  need 
(1.5.3). 

The  output  parameters  from  waste  package  release  models  are  the  rates  of 
release  of  radionuclides  from  waste  packages. 

The  performance  assessment  models  will  require  two  kinds  of  input  param- 
eters, both  of  which  have  been  described  earlier  in  this  section.   First,  the 
parameters  describing  anticipated  and  unanticipated  events  (i.e.,  the  scenar- 
ios) serve  to  establish  the  range  of  cases  for  which  performance  must  be  cal- 
culated.  These  parameters  also  specify  the  range  of  conditions  under  which 
the  waste  package  must  perform.   Second,  the  remaining  parameters  for  release 
and  geochemical  interactions  provide  the  mechanisms  of  waste  release  that 
will  be  integrated  by  the  performance  assessment  calculation  of  release  from 
the  engineered  barrier  system.   The  parameters  required  by  performance 
assessment  will  contain  the  probabilistic  information  necessary  to  meet  the 
reasonable  assurance  standard  required  by  the  NRC. 

The  output  parameters  obtained  from  the  waste  package  performance 
assessment  model  are  cumulative  distribution  functions  for  the  time  to 
failure  of  the  container,  the  release  rates  of  radionuclides  from  failed 
waste  packages,  and  release  rates  of  radionuclides  from  the  engineered 
barrier  system. 
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Logic 

Calculation  of  the  release  rates  of  radionuclides  from  the  engineered 
barrier  system  reguires  an  integrated  analysis  of  all  the  significant  factors 
affecting  loss  of  waste  package  containment.   Significant  factors  include 
scenarios  encompassing  anticipated  processes  and  events,  near-field  environ- 
ments due  to  interactions  between  waste  packages  and  the  scenario-driven 
conditions,  and  geochemical  system  states  and  reactions.   Processes  in  the 
loss  of  waste  package  containment  include  the  release  of  radionuclides  from 
the  waste  form  and  the  movement  of  radionuclides  away  from  a  breached  pack- 
age.  Release  begins  with  container  failure.   Gaseous  radionuclides  may  be 
assumed  to  leave  the  package  upon  loss  of  containment.   Solid  phase  radio- 
nuclides that  are  contained  within  the  waste  form  will  reguire  contact  with 
ground  water  for  release  to  occur.   Therefore,  the  amount  and  chemistry  of 
ground  water  as  influenced  by  the  waste  package  environment,  the  condition  of 
the  container,  the  nature  of  the  interaction  between  waste  form  and  ground 
water,  and  the  inventory  of  waste  present  will  affect  the  availability  of 
radionuclides  for  transport.   Once  the  radionuclides  are  in  solution,  path- 
ways by  which  the  waste  may  leave  the  waste  package  will  complete  the 
determination  of  releases  from  the  engineered  barrier  system. 

The  information  provided  under  this  information  need  constitutes  the 
basic  models  needed  to  assess  waste  package  performance.   They  incorporate 
all  applicable  information  from  characterization,  design,  and  performance 
studies. 

There  are  five  activities  in  this  information  need.   Each  of  the  first 
four  activities  addresses  a  specific  modeling  need,  and  they  are  all  combined 
in  the  fifth  activity  (1.5.3.5)  (Section  8.3.5.10.3.5). 


3.5.10.3.1  Activity  1.5.3.1:   Integrate  scenarios  for  release  from  waste 
package 

This  activity  consists  of  four  subactivities. 


8.3.5.10.3.1.1  Subactivity  1.5.3.1.1:   Develop  scenario  identifications 

Objectives 

The  objective  of  this  subactivity  is  to  identify  scenarios  for  all 
anticipated  and  unanticipated  processes  and  events. 

Parameters 

The  input  parameters  for  this  subactivity  are  listed  in  the  combined 
list  in  the  technical  basis  section  for  this  information  need.   The  input 
parameters  for  this  subactivity  are  identified  anticipated  processes  and 
events  from  Issue  1.1  and  other  processes  and  events  that  will  be  screened  to 
determine  whether  they  should  be  considered  anticipated. 
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Description 

This  subactivity  will  identify  scenarios  in  terms  of  far-field  or 
controlling  parameters.   This  will  be  done  for  a  super-set  of  processes  and 
events,  which  will  include  all  anticipated  processes  and  events,  and  addi- 
tional processes  and  events  that  are  to  be  screened  as  to  whether  they  are  to 
be  considered  anticipated.  This  subactivity  will  also  accept  scenario  de- 
scriptions from  Issue  1.1  (total  system  performance)  that  are  to  be  processed 
for  application  in  Issue  1.1. 

The  process  for  this  subactivity  will  be  to  accept  scenario  descriptions 
for  credible  processes  and  events  from  Issue  1.1,  to  consider  scenarios  that 
may  have  been  screened  out  from  Issue  1 . 1  on  the  basis  of  consequences  to 
Issue  1.1  rather  than  on  the  basis  of  probability,  and  to  search  systemati- 
cally for  scenarios  that  may  be  due  to  near-field  processes  in  addition  to 
those  developed  by  Issue  1.1. 


8.3.5.10.3.1.2  Subactivity  1.5.3.1.2:   Separate  scenarios  into  anticipated 
and  unanticipated  categories 

Objectives 

The  purpose  of  this  subactivity  is  to  determine  the  types  and  extent  of 
scenarios  covering  all  anticipated  processes  and  events. 

Parameters 

The  input  parameters  for  this  subactivity  are  listed  in  the  combined 
list  in  the  technical  basis  section  for  this  information  need.   These  include 
scenarios  identified  in  Subactivity  1.5.3.1.1. 

The  output  parameters  are 

1.  A  binary  value  of  anticipated  or  unanticipated  for  all  scenarios 
identified  in  Subactivity  1.5.3.1.1. 

2.  The  maximum  amplitude  that  falls  within  the  anticipated  range,  for 
those  scenario  categories  spanning  the  anticipated  and  unanticipated 
while  covering  a  range  of  amplitudes  (e.g.,  amount  and  timing  of 
climate  change) . 

Description 

Issue  1.1.  has  a  category  of  scenarios,  expected  case,  that  incorporates 
anticipated  processes  and  events.   The  separation  of  this  category  is  just  a 
convenience  for  Issue  1.1,  since  probability  values  are  attached  to  all  sce- 
narios and  are  used  in  constructing  a  complementary  cumulative  distribution 
function  in  Issue  1.1.   This  issue  (1.5)  will  independently  determine  what 
scenarios  and  scenario  values  are  to  be  included  in  the  group  of  anticipated 
processes  and  events. 
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The  first  step  is  to  develop  a  decision  criterion  on  how  to  separate 
processes  and  events  into  the  anticipated  or  unanticipated  categories.   The 
NRC  regulation  10  CFR  Part  60  defines  anticipated  processes  and  events  as 
those  reasonably  likely  to  occur  during  the  period  to  which  the  regulations 
apply.   This  definition  is  gualitative;  a  clear-cut  decision  criterion  must 
still  be  developed.   Practice  from  other  fields  of  engineering  design  will  be 
considered  in  developing  a  decision  criterion. 

The  second  step  is  to  develop  data  (or  bounding  estimates  on  the  data) 
of  parameters  needed  for  the  decision  criterion.  Depending  on  the  criterion 
developed,  these  may  be  probabilities  of  events,  curves  of  amplitude  versus 
recurrence  time,  other  data  from  the  geologic  record,  or  other  data  from 
geologic  or  physical  first  principles. 


8.3.5.10.3.1.3  Subactivity  1.5.3.1.3:   Development  of  parameters  describing 
the  scenarios 

Objectives 

The  objective  of  this  subactivity  is  to  develop  and  assemble  the  param- 
eters of  the  near-field  environment  and  of  the  waste  package  describing  sce- 
narios covering  anticipated  processes  and  events. 

Parameters 

The  input  parameters  for  this  subactivity  are  listed  in  the  combined 
list  in  the  technical  basis  section  for  this  information  need.   The  most 
important  parameters  include  scenarios  for  anticipated  processes  and  events, 
waste  package  environment,  waste  package  configuration,  and  containment 
performance. 

Description 

This  subactivity  will  develop  and  assemble  the  parameters  of  the  near- 
field  environment  and  of  the  waste  package,  describing  the  scenarios  iden- 
tified in  Subactivity  1.5.3.1.2  as  anticipated  and  also  those  needed  by  Is- 
sue 1.1  (total  system  performance).  This  subactivity  will  develop  how  param- 
eters of  the  far  field  influence  the  near  field,  taking  into  account  inter- 
actions of  the  waste  package  with  its  environment;  what  parameters  are 
determined  by  repository  and  waste  package  design;  and  how  parameters  of  the 
near  field  and  the  waste  package  evolve  under  processes  at  the  waste  package 
scale. 

The  near-field  parameters  of  the  scenarios  will  be  developed  in  conjun- 
ction with  Information  Need  1.10.4  (Section  8.3.4.2.4).   Issue  1.1  will 
identify  scenarios  and  determine  their  average  impacts  at  the  repository 
horizon,  in  most  instances  without  waste-package-environment  interactions  or 
waste-package-scale  variations  in  properties.   This  subactivity  will  transfer 
the  information  to  Information  Need  1.10.4,  where  the  interactions  between 
the  waste  packages  and  their  environment  for  the  given  scenarios  will  be 
evaluated.   These  evaluations  will  then  be  combined  in  this  subactivity  with 
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waste  package  and  other  parameters  to  complete  the  scenario  description  in 
terms  of  its  parameters. 

Some  parameters  of  the  scenario  will  evolve  with  time  depending  on  waste 
package  and  near-field  processes.   This  subactivity,  together  with  model 
applications  of  the  waste  package  system  model,  will  track  the  evolution  of 
these  parameters.   These  parameters  will  determine  the  range  of  conditions 
for  which  near-field,  waste  package,  and  waste  form  detailed  calculations 
will  have  to  be  established  in  support  of  waste  package  system  assessments. 
This  subactivity  will  assemble  and  transmit  to  the  detailed  tasks  the  condi- 
tions under  which  processes  will  have  to  be  evaluated.  As  an  example,  time 
of  container  failure  and  amount  of  corrosion  products  still  present  will  be 
transmitted  to  the  waste  form  alteration  and  release  activities. 

For  unanticipated  scenarios  needed  in  Issue  1.1,  the  degree  of  specific- 
ity in  the  near-field  characterization  of  the  scenario  may  be  less  than  for 
the  scenarios  in  Issues  1.4  and  1.5,  depending  on  the  extent  of  performance 
allocated  to  the- waste  package  in  these  scenarios  by  Issue  1.1. 


The  parameter  (of  near-field  and  waste  package)  development  for  scenar- 
ios will  be  done  both  for  anticipated  and  unanticipated  processes  and  events. 
The  parameter  descriptions  of  scenarios  due  to  anticipated  processes  and 
events  will  be  used  in  evaluations  for  this  issue  (1.5)  and  Issue  1.4  (con- 
tainment by  waste  package,  Section  8.3.5.9).   The  parameter  descriptions  of 
scenarios  due  to  both  anticipated  and  unanticipated  processes  and  events  will 
be  used  in  evaluations  of  radionuclide  source  term  for  use  in  Issue  1.1. 

The  parameter  values  will  include  point  estimates  and  probabilistic 
characterizations.   The  point  estimates  will  be  either  best  estimates,  high 
percentile  probability  estimates,  or  bounding  values  as  appropriate  for  the 
application.   The  probabilistic  characterizations  will  lead  to  probabilistic 
descriptions  of  results.   These  will  be  directly  transmitted  to  Issue  1.1; 
that  issue  is  concerned  with  performance  in  terms  of  an  Environmental  Pro- 
tection Agency  performance  criterion  phrased  explicitly  in  probabilistic 
terms.   The  probabilistic  characterizations  will  also  be  used  in  Issues  1.4 
and  1.5  in  providing  evidence  to  support  a  determination  that  the  performance 
issues  will  be  satisfied  with  a  safe  margin  that  is,  that  there  is  reasonable 
assurance  that  the  performance  objectives  will  be  met. 


8.3.5.10.3.1.4  Subactivity  1.5.3.1.4:  Determine  adeguacy  of  design  envelope 
of  waste  package 

Objectives 

The  objective  of  this  subactivity  is  to  determine  the  adeguacy  of  the 
design  envelope  of  waste  package  for  design  and  testing  activities. 

Parameters 

The  input  parameters  for  this  subactivity  are  listed  in  the  combined 
list  in  the  technical  basis  section  for  this  information  need.   These  include 
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scenarios  from  anticipated  processes  and  events  and  conditions  and  processes 
in  the  near-field  of  the  waste  package. 

Description 

The  design  envelope  for  waste  package  design  (Section  8.3.4.2)  and  for 
performance  allocation  (Sections  8.3.5.9  and  8.3.5.10)  was  selected  to  be  an 
envelope  of  conditions  for  all  anticipated  processes  and  events.   In  select- 
ing the  envelope,  due  consideration  was  given  to  present  uncertainties.  When 
the  anticipated  processes  and  events  and  the  resulting  scenarios  are  deter- 
mined, confirmation  or  adjustment  of  the  design  envelope  will  be  required. 

This  subactivity  will  examine  the  near-field  conditions  determined  under 
Subactivity  1.5.3.1.3  due  to  anticipated  processes  and  events  and  their 
interaction  with  waste  package  influences  on  the  near-field  environment,  and 
determine  whether  the  near-field  conditions  fall  within  the  design  envelope 
assumed  in  Section  8.3.4.2  and  the  performance  allocations  assigned  in 
Sections  8. 3. 5. 9 -and  8.3.5.10.   If  they  do,  this  will  confirm  the  adequacy  of 
the  design  envelope  for  design  and  testing  activities.   If  not,  this  sub- 
activity  will  determine  the  range  of  conditions  that  must  be  considered  in 
design  and  testing.  The  range  may  be  amenable  to  more  detailed  specification 
in  terms  of  more  parameters  and  correlations  among  parameters. 


8.3.5.10.3.2  Activity  1.5.3.2:   Develop  geochemical  speciation  and  reaction 
model 

Objectives 

The  objective  of  this  activity  is  to  further  develop  the  geochemical 
modeling  code  EQ3/6  for  use  in  modeling  of  waste  form  radionuclide  release 
and  the  behavior  of  released  radionuclides.   The  need  to  make  long-term 
predictions  of  release  rates  and  the  fate  of  released  radionuclides  requires 
the  use  of  a  geochemically  sound  model  that  accounts  for  the  perturbations 
that  may  exist  within  the  repository  and  is  consistent  with  existing  thermo- 
dynamic and  waste  form  experimental  data.   For  use  in  understanding  long-term 
behavior,  geochemical  modeling  codes  must  be  capable  of  modeling  processes 
already  identified  as  major  factors  affecting  radionuclide  behavior,  such  as 
dissolution  and  precipitation.   For  use  in  modeling  waste  form  release,  the 
codes  must  be  capable  of  modeling  the  dissolution  behavior  of  the  waste  in 
ways  that  are  consistent  with  experimental  data  and  that  provide  information 
about  the  important  factors  affecting  radionuclide  release. 

The  EQ3/6  code  package,  the  associated  data  base,  and  the  use  of  the 
code  in  geochemical  applications  have  been  described  in  Section  7.4.4.   The 
codes  have  already  been  used  to  interpret  the  results  of  rock-water  inter- 
actions tests,  to  evaluate  ground-water  analyses  and  determine  whether 
equilibrium  conditions  exist,  to  determine  solubility  limits  for  radio- 
nuclides under  various  realistic  conditions,  and  to  aid  in  the  design  of 
laboratory  experiments  by  identifying  parameters  that  need  to  be  measured  to 
understand  the  chemical  processes  that  drive  the  experimental  system.   The 
EQ3/6  package  may  be  used  to  calculate  the  fluid  compositions  and  solid 
phases  with  their  amounts  and  their  radionuclides  content  that  would  result 


8.3.5.10-62 


DECEMBER  1988 

from  the  equilibration  of  hypothetical  solutions  resulting  from  the  dissolu- 
tion of  waste  forms  in  water.   Similarly,  it  may  be  used  to  calculate  the 
changes  in  composition  of  a  water  as  it  flows  through  and  reacts  with  reposi- 
tory rock,  engineered  barrier  materials,  or  a  waste  form.   The  codes  are  also 
useful  for  testing  the  thermodynamic  feasibility  of  proposed  mechanisms  and 
for  identifying  the  equilibrium  reactions  that  control  a  given  process.   Two 
subactivities  support  this  evaluation. 


8.3.5.10.3.2.1  Subactivity  1.5.3.2.1:  Develop  data  base  for  geochemical 
modeling 

Objectives 

The  objective  of  this  subactivity  is  to  develop  a  supporting  data  base 
containing  thermodynamic  and  kinetic  information  on  aqueous  species  and 
solids  that  may  occur  in  the  repository. 

The  application  of  EQ3/6  to  modeling  of  fluids  important  to  radionuclide 
release  behavior  requires  this  data  base,  which  is  accumulated  through  review 
and  verification  of  published  values  and  through  determination  and  validation 
of  new  data  determined  to  be  of  the  highest  importance  in  continuing  the 
modeling  goals  outlined  in  the  other  investigations  in  this  information  need 
and  in  Information  Need  1.5.5,  (Section  8.3.5.10.5).  An  important  aspect  of 
this  activity  is  a  sensitivity  analysis  to  determine  which  data  are  the  most 
critical  to  achieving  modeling  needs  described  under  Subactivity  1.5.3.2.2 
(Section  8.3.5.10.3.2.2) . 

Description 

EQ3/6  data  files  contain  the  standard  thermodynamic  data  that  are 
reported  in  the  literature  for  solids,  aqueous  species,  and  gases.   These 
values  have  been  gathered  from  the  available  literature  as  an  ongoing  effort. 
Despite  a  doubling  in  the  total  species  in  the  data  base  and  many  improve- 
ments in  consistency,  organization,  and  documentation,  data  base  work  has 
lagged  behind  code  development.   Therefore,  a  significant  increase  in  effort 
will  be  directed  toward  improving  and  upgrading  the  data  base. 

Requisite  thermodynamic  values  for  aqueous  species  and  solid  phases 
specific  to  nuclear  waste  that  are  reported  in  the  literature  will  be 
critically  evaluated  for  instances  where  data  are  missing  or  inadequate  for 
modeling  needs.   In  these  instances,  laboratory  work  will  be  conducted  to 
obtain  that  data.   Full  compatibility  with  the  key  values  recommended  by  the 
Committee  on  Data  for  Science  and  Technology  (CODATA)  task  group  and  the 
thermodynamic  data  base  sponsored  by  the  Nuclear  Energy  Agency  (NEA)  will  be 
developed.   The  validation  of  the  data  base  will  be  carried  out  by  comparing 
the  results  of  theoretical  calculations  using  the  EQ3/6  package  with  experi- 
mental results  and  field  data. 

The  implementation  of  the  aspects  of  the  EQ3/6  package  required  to 
adequately  model  radionuclide  behavior  will  require  other  types  of  informa- 
tion in  addition  to  that  currently  contained  in  the  thermodynamic  data  base. 
This  information  includes  kinetic  rate  constants,  nucleation  rates,  and 
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sorption  coefficients.  When  required  by  the  modeling  efforts  supported  by 
EQ3/6,  these  data  will  also  be  evaluated  and  experimentally  determined. 

The  data  base  experimental  and  analytical  activities  have  been  divided 
into  five  principal  areas  of  study. 

1.  Thermodynamic  data  analysis:   Sensitivity,  uncertainty,  and 
estimation/correlation  studies  for  the  radionuclides  of  regulatory 
concern,  and  the  solution  and  solid  species  affecting  them  (25  to  30 
elements) .  Review  existing  data,  make  estimates  and  correlations  to 
existing  data  for  missing  data,  and  constrain  required  new  data  in 
terms  of  uncertainties  associated  with  the  data  (or  lack  of  data) . 
In  addition  to  guiding  experimental  studies,  this  activity  will 
produce  an  uncertainty  map  for  the  data  base. 

2.  Actinides  and  technetium:   Thermodynamic  data  for  the  aqueous  and 
solid  species  expected  to  occur  at  Yucca  Mountain.  Elements  are 
those  that  require  high  confidence  (Table  8 . 3 .5 . 10-3b) .  Actinide 
species  to  be  considered  are  U4+,  UO*+,  NP4+.  NpOj,  Pu4+,  PuO^,  PuO^, 
Am3+,  and  TcO~  . 

3.  Nonradioactive  species  required  to  support  calculations  for  radio- 
nuclides: Make  minor  additions  to  the  thermodynamic  data  for  the 
Yucca  Mountain  ground-water  aqueous  species,  and  for  a  few  solid 
species  for  which  inadequate  data  exist.  Elements  and  species  to  be 
considered  (Tables  8.3.4.2-4  and  8.3.5.10-3a)  are  HCOJ,  OH",  SO^, 
NOg,  PO*~,  CP,  F",  Si02(aq),  Na+,  Ca++,  K+,  and  Mg++ 

4.  Data  base  validation:   Controlled  laboratory  experiments  to  confirm 
results  of  calculations  using  the  data  base.  Several  sets  of 
measurements  for  the  elements  listed  here,  at  several  temperatures 
and  pH  values,  will  required. 

5.  Other  waste  radionuclides:  Thermodynamic  data  for  the  fission  and 
activation  products  in  spent  fuel,  which  require  high  confidence 
(Table  8 .3 .5.10-3b) .  Nuclides  to  be  considered  are  Zr-93,  C-14, 
Sn-126,  Se-79,  Cs-135,  Pd-107,  Th-230,  Ra-226,  Pb-210,  Ni-59,  and 
Nb-94. 

(The  maintenance  of  the  computerized  data  base  is  handled  under  Subactivity 
1.5.3.2.2.  This  keeps  experimental  and  analytical  work  in  this  subactivity 
and  computer-dependent  activities  in  Subactivity  1.5.3.2.2.) 


8.3.5.10.3.2.2  Subactivity  1.5.3.2.2:  Develop  geochemical  modeling  code 

Objectives 

The  objective  of  this  subactivity  is  to  upgrade  the  EQ3/6  package  to 
model  important  chemical  processes  in  a  nuclear  waste  repository.   These 
codes  will  then  be  used  in  the  other  waste  package  modeling  efforts  (this 
information  need)  to  aid  in  design  and  interpretation  of  experimental  work  on 
waste  form  degradation  (Information  Need  1.5.2,  Section  8.3.5.10.2),  to  model 
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the  behavior  of  radionuclides  after  release  from  the  waste  package  (Infor- 
mation Need  1.1.4,  Section  8.3.5.13.4  and  Information  Need  1.5.5,  Sec- 
tion 8.3.5.10.5),  and  to  aid  in  the  description  of  the  waste  package  environ- 
ment (Information  Need  1.4.2,  Section  8.3.5.9.2  and  Information  Need  1.10.4, 
Section  8.3.4.2.4).   Code  documentation  and  verification  will  be  done  con- 
currently with  development. 

Description 

The  following  capabilities  will  be  added  to  the  EQ3/6  code  package  to 
achieve  the  objectives: 

1.  Upgrade  data  management  capabilities.   In  conjunction  with  Sub- 
activity  1.5.3.2.1,  the  current  EQ3/6  data  base  will  be  combined 
with  new  data  and  stored  in  a  relation  data  base  package  that  is 
capable  of  audit  tracking;  controlled  access;  output  of  data  files 
in  various  formats,  including  the  EQ3/6  format;  automatic  conversion 
of  units  and  standard  states  so  that  only  values  directly  from  the 
reports  are  added  without  hand  calculations;  retrieval  of  data  by 
type,  such  as  all  data  from  one  report;  complete  reference  control 
on  all  data;  flagging  for  data  review  status  and  quality  assurance 
level;  and  reporting  and  pass-through  of  error  bars  and  limits  to 
use  of  estimated  data.  The  entire  data  base  will  then  be  processed 
according  to  the  data  review  and  analysis  methods  used  by  the 
Committee  on  Data  for  Science  and  Technology  (CODATA) ,  the  Nuclear 
Energy  Agency  (NEA) ,  and  the  National  Bureau  of  Standards  to  ensure 
that  appropriate  data  are  being  used  and  that  they  are  completely 
compatible  with  data  from  the  international  data  review  groups 
(CODATA  and  NEA) . 

2.  Extend  the  geochemical  flow  model.   The  current  flow  model  may  be 
used  to  examine  the  evolution  of  a  packet  of  ground  water  as  it 
moves  along  a  flow  path.  A  different  flow  model  is  required  to 
model  the  interaction  of  a  stationary  object,  such  as  the  waste 
form,  with  successive  packets  of  water.   This  models  the  evolution 
of  the  waste  form  (formation  of  precipitates  and  loss  of  soluble 
elements) ,  and  provides  solution  compositions  leaving  the  waste 
package. 

3.  Extend  the  kinetics  capabilities.   The  current  capabilities  will  be 
tested  and  modified  to  include  the  effects  of  nucleation  and  sub- 
stances inhibiting  precipitation.   Kinetic  data  will  be  accumulated 
from  published  work,  and  the  possibility  of  extracting  kinetic 
information  from  dissolution  data  will  be  examined  and  implemented 
if  appropriate.   New  kinetics  data  on  important  systems  will  be 
collected  as  part  of  Subactivity  1.5.3.2.1. 

4.  Complete  model  for  systems  open  to  gases.   The  present  fixed-fugac- 
ity  option  will  be  upgraded  to  better  model  the  expected  scenarios 
in  Yucca  Mountain.   Currently,  equilibrium  with  an  unlimited  gas 
reservoir  may  be  modeled.   The  option  will  be  expanded  to  permit 
modeling  of  closed  systems  containing  varying  amounts  of  gas. 
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Extend  solid  solutions  to  include  site  mixing  concept.   This  addi- 
tion would  make  the  modeling  of  intermediate-composition  phases  more 
accurate  and  provide  a  better  way  to  handle  the  substitution  of 
radionuclides  into  specific  sites  in  minerals.   The  current  method 
calculates  properties  of  intermediates  using  both  ideal  and  nonideal 
(as  appropriate)  mixing  of  end  members.   The  new  capability  would 
deal  explicitly  with  intrasite  mixing  (where  an  ion  can  occur  on 
more  than  one  site  in  a  mineral)  and  will  be  selectively  applied  to 
cases  where  substitutions  result  in  structural  changes  in  a  mineral 
that  are  not  present  in  any  end-member  phases. 

Add  equilibrium  sorption  model.  A  model  for  sorption  onto  waste 
package  and  repository  materials  is  required  to  adequately  model 
radionuclide  concentrations  in  water  and  the  migration  of  radio- 
nuclides. A  suitable  model  will  be  identified  and  incorporated  into 
the  EQ3/6  code  package.   Sorption  data  available  in  the  literature 
will  be  adopted  as  appropriate.  New  sorption  data  on  important 
systems  will  be  collected  as  part  of  Information  Need  1.5.5  and 
Characterization  Program  8.3.1.3. 

Extend  the  code  for  compatibility  with  other  models.   Because  EQ3/6 
is  used  in  support  of  other  modeling  efforts,  revisions  or  additions 
for  compatibility  and  flexibility  may  be  required. 


8.3.5.10.3.3  Activity  1.5.3.3:   Generate  models  for  release  from  spent  fuel 

8.3.5.10.3.3.1  Subactivity  1.5.3.3.1:   Generate  release  for  spent  fuel 
models 

Objectives 

The  primary  mechanism  for  the  release  of  radionuclides  from  spent  fuel 
is  via  water  that  has  come  in  contact  with  the  waste  form  through  a  breach  in 
a  container.  A  few  radionuclides  such  as  carbon-14  (or  krypton-85  in  the 
containment  period)  can  be  released  in  the  gas  phase  in  the  absence  of  liquid 
water.  The  objective  of  this  activity  is  to  develop  models  for  the  release 
of  radionuclides  from  the  spent  fuel  waste  form  as  a  function  of  time  using 
the  scenarios  identified  in  Activity  1.5.3.1  of  this  issue.   This  development 
will  require  the  development  of  submodels  for  oxidation  and  radionuclide 
release  from  spent  U02  fuel,  the  corrosion  and  failure  rates  of  Zircaloy 
cladding,  and  the  release  rate  of  radionuclides  from  nonfuel  assembly  parts. 
These  submodels  will  be  based  on  the  experimental  data  generated  under 
Information  Need  1.5.2.  The  models  developed  in  this  activity  will  be  used 
in  resolving  both  Issues  1.4  and  1.5. 

Parameters 

The  parameters  required  for  this  activity  are  given  in  the  combined  list 
for  this  information  need.   The  most  important  input  parameters  are  expected 
to  be  the  water  contact  rate  and  mechanism,  water  chemistry,  temperature,  and 
time.   The  output  parameter  provided  by  this  activity  will  be  a  model  for 
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radionuclide  release  from  the  spent  fuel  waste  form  within  breached 
containers. 

Description 

Tests  to  determine  the  behavior  of  the  spent  fuel  waste  form  under  the 
anticipated  conditions  at  Yucca  Mountain  are  described  in  Sections  7.4.3.1 
and  8.3.5.10.2  (Information  Need  1.5.2).   These  tests  form  the  basis  for  the 
modeling  to  be  carried  out  under  this  activity.  To  extrapolate  the  observa- 
tions made  in  the  laboratory  to  the  time  scale  for  which  the  performance  of 
the  repository  must  be  specified  to  satisfy  the  10  CFR  Part  60  requirements, 
it  will  be  necessary  to  develop  predictive  models  based  on  an  understanding 
of  the  mechanisms  involved  in  the  degradation  of  the  waste  form.   Several 
submodels  will  be  generated  describing  the  behavior  of  each  component  of  the 
waste  form  that  affects  the  release  of  radionuclides. 

The  largest  reservoir  of  radionuclides  in  the  waste  form  is  the  spent 
U02  fuel,  and  the  primary  barrier  to  the  release  of  radionuclides  is  the  fuel 
material  itself.   Thus,  the  most  important  submodel  to  be  generated  under 
this  activity  is  the  one  for  the  dissolution  of  and  radionuclide  release  from 
the  spent  fuel.   This  model  will  yield  predictions  of  the  concentration  of 
radionuclides  as  a  function  of  time  in  the  ground  water  that  has  come  in 
contact  with  spent  fuel.  Analyses  of  the  available  data  (Section  7.4.3.1.1) 
indicate  that  the  radionuclides  of  interest  occur  in  two  regions  within  the 
spent  fuel,  and  are  released  at  different  rates,  depending  on  the  region. 
One  group  of  radionuclides  is  present  within  the  U02  fuel  matrix,  and 
therefore  has  a  release  rate  that  is  limited  by  the  dissolution  of  that 
matrix.   The  other  group  of  radionuclides  is  located  both  in  the  matrix  and 
along  fuel  grain  boundaries  or  in  the  gap  between  the  fuel  pellets  and  the 
cladding.   The  grain  boundary  and  gap  inventory  of  these  nuclides  is 
typically  1-2  percent  of  their  total  inventory.   This  function  is  released 
rapidly  upon  contact  of  the  fuel  by  water.   The  latter  group  also  includes 
those  that  are  present  in  a  gaseous  phase  and  can,  therefore,  be  released 
from  a  breached  container  even  without  the  presence  of  water  as  a  solvent  and 
transport  medium.   The  submodels  will  account  for  all  of  these  release 
mechanisms . 

Development  of  the  submodel  will  be  assisted  by  the  use  of  EQ3/6  code 
analyses.   These  analyses  will  provide  insight  into  the  role  of  solid  phases 
in  determining  the  equilibrium  solution  concentrations  of  elements  present  in 
sufficient  quantity  to  saturate  the  ground  water.   The  final  submodel  will 
incorporate  EQ3/6  calculations  of  the  dissolution  rate  and  solution  con- 
centrations of  radionuclides  of  interest  in  performance  assessment.   The 
usefulness  of  the  EQ3/6  code  to  this  effort  is  critically  dependent  upon  the 
availability  of  good  thermodynamic  data  for  the  chemical  elements  and  satu- 
rating phases  of  interest. 

Since  the  transport  of  most  radionuclides  from  spent  fuel  requires  that 
water  come  in  contact  with  the  fuel,  the  presence  of  undetected  cladding 
would  provide  a  second  barrier  (after  the  container)  between  the  fuel  and  the 
environment.   The  failure  rate  of  the  cladding  will  have  a  large  effect  on 
the  release  rate  of  the  gap  and  grain  boundary  inventory  of  the  fuel  as 
discussed  previously.  A  second  submodel  will  be  developed  that  will  estimate 
the  failure  rate  of  Zircaloy  cladding  as  a  function  of  time.   This  submodel 
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will  incorporate  the  results  of  experimental  tests  aimed  at  identifying  the 
important  modes  of  corrosion  resulting  in  failure  of  the  cladding  and  the 
rates  of  those  modes.  Mechanistic  models  of  Zircaloy  failure  will  be 
developed  to  extend  the  laboratory  measurements  to  the  time  scale  of  the 
repository  isolation  period. 

The  third  submodel  will  guantify  the  oxidation  rate  of  spent  U02  fuel 
exposed  to  an  atmosphere  containing  oxygen.   Because  the  ground-water  infil- 
tration rate  at  Yucca  Mountain  is  low,  if  both  the  container  and  cladding 
fail,  fuel  may  be  exposed  to  the  air  for  some  time  before  it  is  contacted  by 
water.   The  higher  oxides  of  uranium  may  have  different  leaching  behavior 
than  U02 .   In  addition,  oxidation  of  fuel  in  slightly  defected  cladding  could 
lead  to  gross  failure  of  the  cladding  due  to  expansion  of  the  fuel  during 
oxidation.   The  oxidation  submodel  will  be  based  on  the  results  of  oxidation 
experiments  on  spent  fuel  discussed  in  Information  Need  1.5.2.   The  oxidation 
rate  of  U02  strongly  depends  on  temperature;  the  model,  therefore,  will  be 
time  dependent.  At  some  time  after  emplacement,  the  temperature  of  the  fuel 
is  expected  to  be  sufficiently  low  that  no  significant  oxidation  of  the  fuel 
will  occur  in  the  time  available.  After  that  time,  this  submodel  will  not 
play  an  active  role  in  determining  the  release  of  radionuclides  from  the 
waste  form. 

The  fourth  and  final  submodel  will  describe  the  release  of  radionuclides 
from  cladding  and  other  fuel  assembly  hardware  (mostly  Zircaloy,  Inconel  and 
stainless  steel) . 

The  submodels  will  be  combined  to  make  a  single  model  for  the  release  of 
radionuclides  from  the  spent  fuel  waste  form.   Obviously,  there  will  be  sig- 
nificant interactions  between  the  submodels.   For  example,  the  release  of 
most  radionuclides  cannot  occur  until  the  fuel  is  exposed  by  cladding  failure 
and  water  contacts  the  fuel.   Thus,  the  predictions  of  the  Zircaloy  submodel 
must  be  used  as  input  for  the  submodel  describing  the  release  of  radio- 
nuclides from  the  fuel. 


3.5.10.3.4  Activity  1.5.3.4:   Generate  models  for  release  from  glass  waste 
forms 


8.3.5.10.3.4.1  Subactivity  1.5.3.4.1:  Generate  release  models  for  glass 
waste  forms 

Objectives 

The  release  of  radionuclides  from  glass  waste  forms  may  occur  if  water 
contacts  a  container  that  has  breached.   The  objective  of  this  activity  is  to 
design  models  for  glass  release  based  on  the  scenarios  identified  in  Activity 
1.5.3.1  (Section  8.3.5.10.3.1).   The  geochemical  modeling  codes  described  in 
Activity  1.5.3.2  (Section  8.3.5.10.3.2)  will  be  an  important  part  of  these 
models.   The  models  generated  by  this  activity  will  provide  estimates  of 
radionuclide  release  as  a  function  of  repository  conditions  and  will  be  used 
in  resolving  Issue  1.4  and  this  issue  (1.5). 
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Parameters 

The  parameters  required  for  this  activity  are  given  in  the  combined  list 
for  this  information  need.   The  most  important  input  parameters  are  expected 
to  be  water  contact  rate  and  mechanism,  water  chemistry,  temperature,  time, 
and  interactions  with  repository  materials.   The  parameter  provided  by  this 
activity  will  be  a  model  for  radionuclide  release  from  glass  waste  within 
breached  containers. 

Description 

The  behavior  of  glass  waste  forms  under  the  expected  conditions  at  Yucca 
Mountain  is  described  in  Section  7.4.3.2.   The  extension  to  long  times  of  the 
semiempirical  relationships  discovered  by  laboratory  testing  cannot  be  made 
without  understanding  the  mechanisms  involved  and  assessing  the  effects  of 
factors  such  as  the  slow  buildup  of  crystalline  layers.   The  model  to  be 
developed  will  account  for  glass  degradation  and  radionuclide  release  using 
geochemically  sound  methods  that  incorporate  expected  perturbations  in  the 
repository  environment,  and  will  be  consistent  with  the  existing  laboratory 
and  natural  analog  studies. 

Glass  performance  modeling  will  depend  upon  two  basic  concepts.   First, 
the  rate  of  release  from  the  thermodynamically  unstable  waste  glass  is  a 
kinetically  controlled  process.  No  formal  equilibrium  can  exist.   Second, 
once  components  are  released  from  glass,  the  formation  of  solids  and  composi- 
tion of  fluids  may  be  modeled  by  equilibrium  processes.   The  final  outcome  of 
these  equilibrium  processes  will  be  modeled,  providing  important  limits  on 
the  behavior  of  radionuclides.   In  addition,  the  kinetics  of  these  processes 
may  be  modeled  to  provide  more  accurate  estimates  of  radionuclide  concentra- 
tions in  waste  package  fluids  as  a  function  of  time  throughout  the  life  of 
che  repository. 

The  model  for  glass  degradation  will  incorporate  the  following  items, 
presented  here  in  the  order  in  which  they  will  be  developed: 

1.  Calculation  of  the  composition  of  the  solutions  that  are  in  true 
equilibrium  with  the  solid  phases  that  precipitate  on  the  surface  of 
nuclear  waste  glasses. 

2.  Calculation  of  the  rate  of  degradation  of  glass  using  kinetic  rate 
laws  based  on  transition  state  theory,  deriving  rate  constants  from 
experimental  and  natural-analog  studies. 

3.  Calculation  of  the  rate  of  formation  of  solid  precipitates  and  the 
concomitant  rate  at  which  radionuclides  are  permanently  sequestered 
in  those  stable  phases. 

4.  Calculation  of  the  effects  of  repository  materials  on  the  previously 
stated  items,  including  heat-affected  stainless  steel  from  the  pour 
canister. 

5.  Calculation  of  the  composition  of  fluids  leaving  a  glass  waste 
package  by  combining  the  preceding  items. 
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In  each  item,  the  appropriate  analytical  expressions  will  be  identified 
from  experimental  work,  from  review  of  the  glass  degradation  literature,  and 
from  geochemical  modeling  concepts  incorporated  in  the  EQ3/6  code.  Calcula- 
tions will  be  performed  using  EQ3/6. 

Validation  of  the  glass  model  will  be  done  in  two  stages.   First,  the 
model  will  be  developed  in  concert  with  experimental  work  and  will  be  tested 
for  its  ability  to  describe  accurately  the  experimental  work.  An  important 
aspect  of  this  is  the  use  of  modeling  to  aid  in  understanding  the  physical 
processes  important  in  glass  degradation.   Second,  the  results  of  long-term 
modeling  will  be  compared  with  extrapolations  of  laboratory  data,  and  with 
natural  analogs.   This  second  effort  will  both  test  the  validity  of  the  model 
and,  more  importantly,  examine  whether  the  experimental  work  has  examined  all 
the  important  geochemical  interactions  that  are  predicted  to  occur  over  long 
periods  of  time. 


8.3.5.10.3.5  Activity  1.5.3.5:  Waste  package  performance  assessment  model 
development 

Three  subactivities  support  this  performance  evaluation. 


8.3.5.10.3.5.1  Subactivity  1.5.3.5.1:  Development  of  system  model 

Objectives 

The  development  of  the  system  model  for  waste  package  performance 
assessment  is  the  subactivity  that  integrates  into  a  single  deterministic 
model  the  submodels  of  processes  that  affect  waste  package  releases.  Models 
for  waste  form  degradation  and  radionuclide  release  will  be  combined  with 
mechanistic  representations  of  waste  package  environment,  waste  package 
design  features  and  mechanical  models,  and  container  degradation  models.  The 
resulting  waste  package  system  model  will  calculate  (1)  the  performance- 
related  parameters  used  in  evaluating  compliance  with  Issue  1.4,  substan- 
tially complete  containment  (Section  8.3.5.9),  and  (2)  the  release  rates  of 
radionuclides  from  failed  waste  packages  as  a  function  of  scenario  inputs, 
for  use  in  evaluating  compliance  with  this  issue  and  Issue  1.1. 

The  design  objectives  for  satisfying  Issue  1.4  recognize  that  among  the 
tens  of  thousands  of  waste  packages  there  will  be  differences  in  individual 
performance.   The  design  objectives  are  set  in  terms  of  percent  of  waste 
packages,  or  releases  or  release  rates  summed  over  the  set  of  waste  packages. 
To  reflect  these  differences  in  individual  waste  package  characteristics  in 
the  modeling,  the  deterministic  system  model  can  be  executed  a  number  of 
times  with  different  inputs.  Alternatively,  the  probabilistic  system  model 
may  be  used  with  inputs  appropriate  to  the  problem  and  to  the  use  in  issue 
resolution,  as  discussed  in  the  following  paragraphs. 

The  design  objectives  for  satisfying  Issue  1.4  admit  either  a  partially 
probabilistic  interpretation  (with  probability  distributions  of  key  input 


8.3.5.10-70 


DECEMBER  1988 

waste  package  parameters  supported  by  measurements  to  be  done)  or  a  determi- 
nistic interpretation  (with  established  distributions  of  key  input  param- 
eters; for  example,  the  heat  loading  per  package  could  be  established  based 
on  the  projected  waste  form  characteristics) .   In  either  interpretation,  the 
approach  to  resolution  of  the  issue  will  use  only  those  distributions  that 
are  established  or  well  supported  by  documentation  or  measurements.  Other 
input  parameters  that  may  have  distributions  will  be  represented  by  bounding 
distributions  or  bounding  values;  the  purpose  of  this  is  so  that  the  calcu- 
lated result  will  be  a  found  on  the  true  result.   The  calculated  bound  will 
then  be  compared  to  the  limiting  value  set  in  the  design  objectives  for  the 
issue. 

The  system  model  will  be  constructed  from  simplified  submodels  of  the 
processes  affecting  waste  package  life  and  performance.   These  submodels  will 
be  derived  from  studies  performed  under  this  investigation  as  well  as  those 
satisfying  needs  under  Issues  1.4  (Section  8.3.5.9)  and  1.10  (Sec- 
tion 8.3.4.2).   They  will  be  derived  through  sensitivity  analysis  of  the 
processes  modeled,  and,  therefore,  will  be  composed  of  relationships 
incorporating  the  most  sensitive  parameters.   Each  submodel  will  be  subjected 
to  verification  and  validation  exercises. 

Parameters 

The  system  model  will  combine  the  submodels  to  calculate  waste  package 
integrity  as  a  function  of  time,  before  and  up  to  containment  failure.  After 
failure,  release  rates  will  be  determined  for  each  radionuclide.   This  model 
will  produce  deterministic  predictions  of  radionuclide  release  for  a  set  of 
parameters  describing  a  given  scenario.   The  submodels  that  make  up  the 
system  model  will  include  the  following  models  (refer  to  the  listed  infor- 
mation needs  and  sections  for  parameters  of  the  models) : 

1.  Waste  package  geometry  and  thermal/mechanical  properties. 

a.  Waste  package  geometry 

i.  Waste  package  and  borehole  configuration  and  dimensions 

(Information  Needs  1.10.2  and  1.10.3  in  Sections  8.3.4.2.2 
and  8.3.4.2.3,  respectively) 

ii.  Waste  package  contents  (materials,  mass,  elemental  and 

isotopic  composition)  (Information  Needs  1.10.2  and  1.5.1  in 
Sections  8.3.4.2.2  and  8.3.5.10.1,  respectively) 

iii.  Changes  to  waste  package  geometry  over  time. 

b.  Radiation  (Information  Needs  1.5.1  (Section  8.3.5.10.1)  and 
1.10.2  (Section  8.3.4.2.2)  and  calculations  as  part  of  this 
activity. 

i .  Gamma  ray  source . 
ii.  Gamma  ray  attenuation, 
iii.   Heat  source  from  radioactive  decay. 
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c.  Heat  transfer  (thermal)  (Information  Needs  1.10.2,  1.10.4,  and 
1.5.1  in  Sections  8.3.4.2.2,  8.3.4.2.4,  and  8.3.5.10.1, 
respectively)  and  calculations  as  part  of  this  subactivity. 

i.   Heat  transfer  from  waste  forms  to  host  rock,  temperature 
field  effects. 

d.  Mechanical  (Information  Needs  1.10.2,  1.10.4,  and  1.5.1  in 
Sections  8.3.4.2.2,  8.3.4.2.4,  and  8.3.5.10.1,  respectively)  and 
calculations  as  part  of  this  subactivity. 

i.   Loads  (external,  internal,  thermal) . 
ii.   Yielding  (ductile  and  brittle  failure) . 


2.   Container  degradation  (corrosion)  (Information  Needs  1.4.2  and  1.4.3 
in  Sections  8.3.5.9.2  and  8.3.5.9.3,  respectively). 

a.  Corrosion  modes  in  agueous  conditions. 

b.  Corrosion  modes  in  unsaturated  conditions. 


3.  Water  package  environment  (ground  water  movement  and  chemistry) 

(Information  Need  1.10.4  in  Section  8.3.4.2.4). 

a.  Flow  surrounding  the  engineered  barrier  system. 

b.  Flow  mechanisms  for  water  contacting  the  waste  package. 

c.  Flow  mechanisms  for  water  within  the  waste  package  after  loss  of 
containment . 

d.  Water  volume  available  for  contact  with  waste  package  and 
waste  form. 

e.  Transport  in  near-field  host  rock. 

f.  Temperature  in  host  rock  at  borehole  wall. 

4.  Radionuclide  release  from  waste  forms  (this  activity). 

a.  Spent  fuel  waste  form. 

b.  Glass  waste  form. 

Description 

The  system  model  will  be  constructed  in  a  computational  efficient  manner 
so  that  a  set  of  scenarios  and  conditions  sufficiently  large  to  span  the 
range  of  anticipated  and  unanticipated  events  can  be  considered.  After 
formulation  and  initial  testing  of  the  system  model  is  complete,  verification 
and  validation  exercises  will  be  performed  on  the  system  model  as  a  whole. 
Verification  exercises  will  concentrate  on  the  numerical  accuracy  of  the 
logic  linking  together  the  system  model  components.  Validation  of  the  system 
model,  in  the  sense  of  comparing  system  model  output  to  experiments  that 
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represent  an  integration  of  the  processes  expected  to  be  active  in  the  repos- 
itory, will  not  be  possible  because  of  the  long  time  scales  reguired.   There- 
fore, validation  of  the  system  model  will  be  performed  ultimately  by  peer 
review. 


8.3.5.10.3.5.2  Subactivity  1.5.3.5.2:  Development  of  uncertainty 
methodology 

Objectives 

Because  of  heterogeneities  in  the  environment  and  in  components  of  the 
waste  package,  deterministic  calculations  of  performance  alone  may  not 
suffice  to  provide  resolution  of  Issue  1.4  and  this  issue  and  to  provide  the 
reasonable  assurance  standard  reguired  by  the  NRC.   Therefore,  a  method  for 
analyzing  waste  package  performance  that  addresses  these  uncertainties  must 
be  developed.  The  objective  of  this  study  is  to  develop  such  a  method  so 
that  the  performance  assessment  calculations  for  the  waste  package  will 
provide  probability  distributions  for  individual  package  and  ensemble  per- 
formance parameters,  incorporating  these  uncertainties  in  conditions  and 
package  parameters. 

With  appropriate  structuring  of  the  guestions  and  input  distribution 
values,  the  uncertainty  methodology  can  be  used  to  answer  these  types  of 
guestions:   (1)  how  does  the  performance  of  the  different  individual  waste 
packages  roll  up  to  form  the  performance  of  the  set  of  waste  packages,  to  be 
compared  to  regulatory  reguirements  and  (2)  what  are  the  probability  dis- 
tributions of  the  performance  measures  of  the  set  of  waste  packages.  The 
answer  to  the  latter  guestion  can  provide  a  part  of  the  support  for  a  reason- 
able assurance  that  the  performance  reguirements  will  be  satisfied.  A  third 
type  of  guestion  is  what  are  the  probability  distributions  for  the  release 
rates  over  time  of  radionuclides  from  the  waste  package.   This  last  answer 
will  be  provided  to  Issue  1.1  to  help  resolve  that  issue  of  the  EPA  limit  on 
cumulative  releases  to  the  accessible  environment.   That  EPA  reguirement  is 
stated  in  explicitly  probabilistic  terms. 

Parameters 

The  input  parameters  are  the  same  as  those  developed  under  Sub- 
activity  1.5.3.1.1  (Section  8.3.5.10.3.1.1).   The  output  parameters  are 
cumulative  distribution  functions  for  performance  measures  and  for  radio- 
nuclide release  from  the  engineered  barrier  system  as  a  function  of  time. 

Description 

The  uncertainty  methodology  will  use  the  deterministic  system  model  as  a 
means  to  predict  performance  from  a  given  parameter  set.  Through  appropriate 
sampling  procedures,  parameter  sets  will  be  assembled  that  represent  the 
anticipated  and  unanticipated  events,  as  well  as  variations  in  waste  package 
components.   Examples  of  this  overall  approach  include  the  Latin  Hypercube 
and  Monte  Carlo  methods.   By  repeatedly  computing  performance  with  the  system 
model  for  the  sample  of  inputs,  representative  probability  distributions  for 
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release  performance  may  be  computed.   Because  the  number  of  sensitive  param- 
eters affecting  waste  package  performance  is  not  expected  to  be  small,  the 
number  of  performance  calculations  using  the  system  model  is  expected  to  be 
very  large,  perhaps  several  thousand  simulations.   Therefore,  the  derivation 
of  a  practical  but  representative  sampling  method  is  central  to  prediction  of 
release  distributions. 

The  uncertainty  methodology  will  be  part  of  the  waste  package  perform- 
ance assessment  model.   Therefore,  verification  and  validation  of  the  method- 
ology will  be  required.  After  development,  verification  exercises  will  be 
conducted  to  ensure  the  mathematical  accuracy  of  the  methods.  Validation  of 
the  model  will  be  accomplished  by  validation  of  the  system  model  and  through 
other  means  as  available.  As  for  the  system  model,  the  final  validation  of 
the  uncertainty  model  will  be  performed  through  peer  review. 


8.3.5.10.3.5.3  Subactivity  1.5.3.5.3:  Water  flow  into  and  out  of  a  breached 
container 

Objectives 

Although  the  capillary  barrier  of  the  unsaturated  zone  will  normally 
prevent  liquid  water  from  contacting  the  waste  container,  under  some  con- 
ditions water  flow  in  the  unsaturated  zone  can  result  in  several  mechanisms 
for  water  contact  with  the  container.  The  most  likely  mechanism  for  expected 
flow  rates  is  by  wicking  from  the  partially  saturated  rock  where  the  con- 
tainer is  in  direct  contact  with  the  rock.  A  second  possible  mechanism, 
which  would  operate  at  higher  flow  rates,  would  be  by  dripping  of  water  from 
a  fracture  onto  the  container.  The  objective  of  this  activity  is  to  deter- 
mine what  fraction  of  the  water  that  drips  onto  a  container  would  enter  the 
container  through  a  breach  in  the  container  wall. 

Parameters 

Input  parameters  for  this  subactivity  include  the  following: 

1.  Water  drip  rate. 

2.  Water  temperature. 

3.  Container  orientation. 

4.  Container  breach  location. 

5.  Container  breach  geometry. 

The  output  parameter  will  be  water  flow  rates  into  and  out  of  a  failed 
container  and  quantity  of  water  that  can  accumulate  in  a  failed  container. 

Description 

Experiments  will  be  conducted  under  this  subactivity  to  determine  the 
effect  of  each  of  the  parameters  on  the  fraction  of  water  that  drips  onto  a 
container  but  does  not  enter  a  breach  in  the  container.   The  initial  experi- 
ments will  be  conducted  using  small  metal  cylinders  that  contain  a  well- 
characterized  defect  that  has  been  intentionally  induced  into  the  cylinder. 
The  fraction  of  water  that  enters  through  the  breach  will  be  determined  as  a 
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function  of  breach  size,  breach  location,  drip  rate,  and  orientation  of  the 
container  (and  breach)  relative  to  the  water  source.  Results  of  these 
experiments  will  be  modeled  to  predict  how  the  results  should  scale  with 
size.  On  the  basis  of  the  results  of  the  model  calculations,  some  larger 
scale  tests  will  be  designed  and  executed.  The  effect  of  water  temperature 
will  be  studied  in  a  separate  series  of  experiments  using  one  or  two  config- 
urations selected  to  be  most  probable  for  the  repository  situation. 

The  information  developed  in  the  study  will  be  used  in  the  determination 
of  the  concentration  of  radionuclides  in  solution  in  failed  containers,  dilu- 
tion factors,  and  release  rates  of  radionuclides  from  the  engineered  barrier 
system  for  anticipated  and  unanticipated  processes  and  events  (Information 
Need  1.5.4,  Section  8.3.5.10.4).   These  results  in  the  form  of  distributions 
of  releases  will  form  a  part  of  the  source  term  for  calculation  for  total 
system  performance  assessment  conducted  to  satisfy  Information  Needs  1.1.5 
and  1.1.6  (Sections  8.3.5.13.5  and  8.3.5.13.6). 


8.3.5.10.3.6  Application  of  results 

The  activities  and  information  needs  discussed  in  this  section,  along 
with  their  subject  and  SCP  section  number,  are  as  follows: 


Activity  or 
information  need  Subject  SCP  section 

1.1.5         Probabilistic  release  assessments         8.3.5.13.5 

1.5.4  Release  rates  from  waste  package  and      8.3.5.10.4 

engineered  barrier  system 

1.5.5  Radionuclides  leaving  waste  package       8.3.5.10.5 

near-field  environment 

1.10.4        Description  of  near-field  environment      8.3.4.2.4 

1.5.3.1  Integrate  scenarios  for  release  8.3.5.10.3.1 

1.5.3.2  Develop  geochemical  speciation  and        8.3.5.10.3.2 

reaction  model 

1.5.3.3  Release  model  for  spent  fuel  8.3.5.10.3.3 

1.5.3.4  Release  model  for  glass  waste  forms       8.3.5.10.3.4 

1.5.3.5  Waste  package  performance  assessment      8.3.5.10.3.5 

modeling 

The  information  developed  in  Activity  1.5.3.1  will  be  used  by  Activ- 
ities 1.5.3.3,  1.5.3.4,  and  1.5.3.5. 
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The  information  in  Activity  1.5.3.2  will  also  be  used  by  Activi- 
ties 1.5.3.3,  1.5.3.4,  and  1.5.3.5  and  for  Information  Needs  1.1.5  and 
1.10.4. 

The  information  in  Activity  1.5.3.3  will  be  used  by  Activity  1.5.3.5 
and  Information  Need  1.5.5. 

The  information  in  Activity  1.5.3.4  will  be  used  by  Activity  1.5.3.5 
and  Information  Need  1.5.5. 

The  information  developed  in  Activity  1.5.3.5  will  be  used  in  the 
determination  of  the  release  rates  of  radionuclides  from  the  engineered 
barrier  system  for  anticipated  and  unanticipated  processes  and  events 
(Information  Need  1.5.4).   These  results  in  the  form  of  distributions  of 
releases  will  form  a  part  of  the  source  term  for  total  system  performance 
assessment  calculations  conducted  to  satisfy  Information  Needs  1.1.5  and 
1.1.6  (Sections  8.3.5.13.5  and  8.3.5.13.6). 


8.3.5.10.4  Information  Need  1.5.4:  Determination  of  the  release  rates  of 
radionuclides  from  the  waste  package  and  engineered  barrier 
system  for  anticipated  and  unanticipated  events 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  bases  for  the  models  required  to  perform  these  calculations  have 
been  discussed  in  Section  7.4.5.  The  studies  that  develop  data,  parameters, 
and  models  necessary  to  perform  the  calculations  are  described  in 
Sections  8.3.4,  8.3.5.9,  and  8.3.5.10. 

Parameters 

Parameters  needed  for  the  calculation  of  waste  package  releases  include 

1.  Waste  package  design  (Information  Need  1.10.2;  Section  8.3.4.2.2). 

2.  Waste  package  design  features  affecting  radionuclide  release 

(Information  Need  1.5.1). 

3.  Waste  package  system  model  and  uncertainty  methodology  (Information 
Need  1.5.3)  . 

4.  Release  scenarios  for  anticipated  and  unanticipated  events 
(Information  Need  1.5.3). 

5.  Performance  of  the  waste  forms  under  the  scenarios  in  item  4 
(Information  Need  1.5.2). 

6.  Probability  distributions  for  system  model  inputs  (Information  Need 
1.5.3)  . 
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Logic 

After  the  scenarios  for  release  resulting  from  anticipated  and  unantici- 
pated events  have  been  assembled  and  the  models  for  predicting  release  have 
been  developed,  verified,  and  validated,  releases  from  the  engineered  barrier 
system  may  be  calculated.  These  releases  will  be  calculated  for  each  radio- 
nuclide using  both  deterministic  and  uncertainty  models.   These  releases  will 
form  the  source  term  to  be  provided  to  the  analyses  for  the  total  system 
performance  assessment.   Further,  during  the  earlier  waste  package  design 
phases,  these  integrated  performance  calculations  will  provide  input  to  later 
waste  package  designs. 

Two  activities  will  be  performed  under  this  information  need.   The 
activities  will  respectively  exercise  the  deterministic  system  model  and  the 
uncertainty  methodology  developed  for  waste  package  performance  assessment  in 
Section  8.3.5.10.3. 


8.3.5.10.4.1  Activity  1.5.4.1:  Deterministic  calculation  of  releases  from 
the  waste  package 

Objectives 

The  objective  of  this  activity  is  to  use  the  waste  package  system  model 
developed  in  Activity  1.5.3.5  (Section  8.3.5.10.3.5)  to  predict  waste  package 
performance  using  the  scenarios  developed  in  Activity  1.5.3.1  (Sec- 
tion 8.3.5.10.3.1) . 

Parameters 

The  input  parameters  needed  for  this  activity  are  given  in  the  combined 
list  in  the  technical  basis  section  for  this  information  need.   The  output 
parameters  obtained  are  the  predicted  waste  package  release  performance  under 
specified  scenarios. 

Description 

The  calculations  of  waste  package  performance  will  be  made  in  three 
phases:   (1)  for  the  design  concepts  discussed  in  Section  7.3,  (2)  for  the 
advanced  conceptual  design,  and  (3)  for  the  license  application  design.   The 
later  phases  will  use  modeling  concepts  developed  in  the  previous  phases,  and 
therefore  are  difficult  to  discuss  at  this  point.   However,  it  is  likely  that 
analyses  in  all  phases  will  incorporate  many  of  the  same  elements. 

The  analysis  of  waste  package  designs  will  proceed  by  assembling  sets  of 
model  input  parameters  developed  in  Information  Need  1.5.3  and  executing  the 
system  model  to  obtain  predictions  of  waste  package  release.   Releases  will 
be  calculated  for  scenarios  that  represent  both  anticipated  and  unanticipated 
events.   Some  of  the  calculations  will  represent  bounding  performance  calcu- 
lations, but  the  bulk  of  the  analyses  will  support  the  uncertainty  analysis 
required  for  probabilistic  calculation  of  releases.   In  addition,  in  the 
earlier  phases  of  waste  package  designs,  information  developed  in  the  system 
model  calculations  will  be  available  as  input  to  later  design  phases. 
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8.3.5.10.4.2  Activity  1.5.4.2:   Probabilistic  calculation  of  releases  from 
the  waste  package 

Objectives 

Because  of  heterogeneities  in  both  the  environment  and  components  of  the 
waste  package,  deterministic  calculations  of  performance  alone  may  not  be 
sufficient  to  provide  the  performance  measure  for  the  set  of  waste  packages 
for  this  issue  and  to  support  the  reasonable  assurance  standard  reguired  by 
the  NRC.   The  objective  of  this  activity  is  to  provide  a  probabilistic 
analysis  of  waste  package  performance  addressing  these  uncertainties  and  the 
probability  distribution  of  release  rates  for  use  in  Issue  1.1  (Sec- 
tion 8.3.5.13),  using  the  uncertainty  model  developed  in  Activity  1.5.3.5 
(Section  8.3.5.10.3.5) . 

Parameters 

The  input  parameters  needed  for  this  activity  are  given  in  the  combined 
list  in  the  technical  basis  section  for  this  information  need.   The  output 
parameters  obtained  are  cumulative  distribution  functions  for  radionuclide 
release  rates  from  the  engineered  barrier  system  as  a  function  of  time,  and 
for  the  maxima  over  time  of  the  annual  release  rates. 

Description 

The  uncertainty  methodologies  developed  in  Activity  1.5.3.5  will  be 
employed  using  the  system  model  to  assess  the  reliability  of  waste  package 
release  predictions.   This  task  will  be  accomplished  in  concert  with  the 
phases  of  system  model  development  and  application.  The  exact  procedure  to 
be  followed  in  these  analyses  is  partially  the  subject  of  activities  under 
Activity  1.5.3.5.   However,  the  most  likely  approach  will  be  to  exercise  the 
system  model  for  a  range  of  model  inputs  selected  by  a  procedure  for  sampling 
from  distributions  of  input  random  variables.  From  the  system  model 
simulations  it  will  be  possible  to  construct  the  probability  distributions 
for  engineered  barrier  system  releases  reguired  by  the  reasonable  assurance 
standard. 

The  uncertainty  calculations  will  be  performed  for  each  of  the  design 
phases  although  they  are  only  reguired  for  the  license  application  design 
analysis.  This  procedure  will  allow  testing  on  the  early  design  phases  and 
modification  of  the  methodology  during  later  phases.  At  least  two  types  of 
uncertainty  will  be  addressed.   First,  the  uncertainty  in  the  predicted 
release  rates  as  a  result  of  uncertainties  in  the  fabrication  and  environment 
of  the  waste  package  will  be  calculated.  Then  the  secondary  uncertainty, 
that  is  the  confidence  in  the  best  estimate  of  complementary  cumulative 
distribution  function  for  releases,  will  be  assessed.  Together  with  the 
deterministic  simulations  for  bounding  case  releases,  these  results  will 
provide  a  source  term  for  total  system  performance  assessment  and  will 
support  the  reasonable  assurance  standard  set  by  the  NRC. 
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8.3.5.10.4.3  Application  of  results 

The  releases  calculated  in  these  studies  provide  resolution  of  this 
issue  (1.5).   They  will  also  be  used  as  input  to  the  resolution  of  issue  1.4, 
the  studies  under  Information  Need  1.5.5  and  as  input  to  total  system 
performance  assessment  performed  under  Issue  1.1  (Section  8.3.5.13). 


8.3.5.10.5  Information  Need  1.5.5:   Determination  of  the  amount  of  radio- 
nuclides leaving  the  near-field  environment  of  the  waste  package 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Section  7.4.1  discusses  the  fluid  flow  model  to  be  developed  in  Informa- 
tion Need  1.10.4.   The  model  validation  efforts  are  also  discussed  in  Sec- 
tion 7.4.1  and  collected  in  studies  under  Information  Need  1.10.4.   Data 
acquisition  for  radionuclide  transport  properties  was  begun  in  FY  1986.   No 
published  results  were  available  at  the  time  of  the  writing  of  Chapter  7. 

Parameters 

The  data  needed  for  determination  of  the  amount  of  radionuclides  leaving 
the  near-field  environment  of  the  waste  package  are 

1.  Scenarios  for  release  events  (Information  Need  1.5.3). 

2.  Hydrologic  parameters  for  host  rock  (Investigation  8.3.1.2.2)  and 
Information  Need  1.10.4  (Section  8.3.4.2.4)). 

3.  Waste  package  environment  tests  (Information  Need  1.10.4,  Sec- 
tion 8.3.4.2.4) . 


4.  Near-field  flow  and  transport  model  (Information  Need  1.10.4). 

5.  Radionuclide  release  predictions  (Information  Need  1.5.4,  Sec- 
tion 8.3.5.10.4) . 


The  output  parameters  are  transport  properties  of  radionuclides  and 
radionuclide  concentrations  in  the  near-field  environment. 

Logic 

The  purpose  of  this  investigation  is  to  provide  a  source  term  for  use  in 
the  100,000-yr  described  in  10  CFR  960.3-1-5. 

Several  processes  may  act  locally  to  retard  the  movement  of  waste  in  the 
first  few  meters  of  host  rock  after  the  radioactive  material  is  released  from 
the  engineered  barrier  system.   These  processes  include  sorption  mechanisms 
and,  under  some  conditions,  matrix  diffusion.  Depending  on  the  scenario  for 
transport  from  the  waste  package,  either  or  both  of  these  processes  may  be 
effective  for  many  waste  species. 
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The  source  term  derived  from  the  release  calculations  performed  for 
Information  Need  1.5.4  will  not  account  for  sorption  and  matrix  diffusion 
effects  occurring  in  the  first  few  meters  of  rock  surrounding  the  waste 
package,  without  modification  of  the  waste  package  environment  component  to 
account  for  these  effects.   Flow  and  transport  calculations  will  be  made  as 
described  in  Information  Need  1.10.4  (Section  8.3.4.2.4)  to  include  the 
hydrologic  and  geochemical  environment  immediately  surrounding  the  waste 
package.   These  calculations  are  required  to  understand  the  boundary  condi- 
tions required  for  the  reliability  analysis  of  the  waste  package.   These 
calculations  will  not,  however,  include  the  transport  of  radionuclides 
through  the  near-field  rock  following  release  from  the  waste  package. 

To  perform  these  calculations,  parameters  describing  transport  mecha- 
nisms active  in  the  near-field  environment  must  be  determined.   These 
parameters  include  the  formation  and  transport  properties  of  radionuclide- 
containing  colloids,  radionuclide  solubilities  in  repository  ground  water, 
diffusivities  of  waste  species,  and  effective  partition  coefficients  for 
waste  species  in  Topopah  Spring  tuff.   The  colloid  and  solubility  data  will 
be  developed  in  activities  described  in  Information  Need  1.5.3  and  Investi- 
gation 1.14.5  (Section  8.3.1.3.5).   Laboratory  measurements  of  apparent 
diffusion  coefficients  and  distribution  coefficients  for  radionuclides  will 
be  done  using  rock  wafers  and  rock  cores.   The  wafers  are  rock  samples  that 
have  been  part  of  waste  form  dissolution  tests  discussed  in  the  following 
section.  The  effect  of  transport  scale  on  transport  processes  will  be 
studied  by  using  different  size  rock  cores. 


8.3.5.10.5.1  Activity  1.5.5.1:   Determine  radionuclide  transport  parameters 

This  activity  will  measure  the  distribution  of  actinides  and  fission 
products  in  rock  samples.   The  rock  samples  will  be  subjected  to  contact  with 
radionuclides  under  a  variety  of  conditions  so  that  the  effects  of  degree  of 
saturation  and  transport  scale  can  be  evaluated.   Two  subactivities  support 
this  analysis. 


8.3.5.10.5.1.1  Subactivity  1.5.5.1.1:   Radionuclide  distribution  in  tuff 
wafers 

Many  of  the  waste-form  dissolution  tests  include  pieces  of  the  Topopah 
Spring  tuff  in  the  test  solution.  These  tuff  pieces  are  included  to  deter- 
mine the  effect  of  the  presence  of  rock  on  the  dissolution  rate  of  the  waste 
form.  The  rock  sample  is,  therefore,  sitting  in  a  solution  of  dissolved 
waste  form  and  simulates  the  condition  where  local  saturation  of  a  portion  of 
the  repository  occurs.   For  long-term  tests,  the  solution  concentrations  are 
relatively  constant,  and  the  test  conditions  approximate  those  of  steady- 
state  diffusive  flow.  At  the  conclusion  of  the  test,  the  rock  wafer  is 
examined  with  an  ion  microscope  to  determine  the  location  of  the  radionu- 
clides as  a  function  of  depth  in  the  sample.  A  brief  description  of  the 
method  and  some  preliminary  results  are  in  the  paper  by  Finny  et  al.  (1986) . 
The  position  of  the  radionuclides  in  the  wafer  can  be  combined  with  the  test 
duration  to  calculate  the  effective  diffusion  rate  for  the  radionuclide.   The 
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concentration  of  the  radionuclide  at  the  surface  of  the  rock  can  be  combined 
with  the  solution  concentration  to  give  an  effective  distribution  coeffi- 
cient.  The  shape  of  the  diffusion  profile  near  the  surface  of  the  rock  can 
be  used  to  assess  whether  sorption  or  precipitation  are  controlling  the 
retardation  process. 


8.3.5.10.5.1.2  Subactivity  1.5.5.1.2:   Radionuclide  distribution  in  tuff 
cores 

The  tuff-wafer  experiments  just  discussed  only  examine  transport  on  a 
small  scale  (a  few  micrometers)  and  under  saturated  conditions.   To  determine 
the  effects  of  transport  scale  on  transport  properties,  tuff  core  samples  are 
being  used.   Solutions  of  radionuclides  are  forced  through  the  core  sample  at 
a  fixed  water-flow  rate.   The  water  flow  is  monitored  using  tritium.   Solu- 
tions of  other  radionuclides  are  compared  with  the  flow  rate  for  tritium  to 
determine  retardation  parameters.   Plans  to  evaluate  retardation  properties 
as  a  function  of  water  flow  rate  and  solution  composition  are  in  the 
development  stage. 

Transport  properties  may  also  be  a  function  of  degree  of  saturation  of 
the  rock.   To  investigate  this  possibility,  the  tuff  core  experiments  will  be 
modified  to  allow  for  unsaturated  flow.   In  these  experiments  the  effects  of 
flow  rate  and  degree  of  saturation  will  be  studied.   The  goal  is  to  develop  a 
sufficient  understanding  of  the  unsaturated  flow  properties  to  allow  coupling 
of  these  experiments  with  the  unsaturated  flow  studies  described  in  Informa- 
tion Need  1.10.4  (Section  8.3.4.2.4).   This  will  allow  monitoring  of  water 
movement  with  resistivity  imaging  technigues  (the  impedance  camera) ,  tracking 
of  solute  transport  by  the  radioactivity  (for  gamma  emitters) ,  and  finally, 
location  of  the  radionuclide  distribution  in  the  rock  using  the  ion 
microscope. 


8.3.5.10.5.2  Activity  1.5.5.2:   Radionuclide  transport  modeling  in  the 
near-field  waste  package  environment 

This  activity  will  use  the  flow  and  transport  model  for  hydrologic 
representation  of  the  near-field  host  rock  developed  under  Information 
Need  1.10.4  (Section  8.3.4.2.4).   The  model  will  be  validated  using  data  from 
integrated  testing  activities  and  tracer  tests  planned  in  the  exploratory 

shaft. 


8.3.5.10.5.2.1  Subactivity  1.5.5.2.1:  Validation  of  near-field  transport 
model  using  laboratory  and  field  experimental  data 

The  hydrothermal  flow  and  transport  model  developed  for  detailed 
analysis  of  the  near-field  waste  package  environment  will  reguire  validation 
before  it  is  used  to  determine  releases  from  the  near  field.   This  sub- 
activity  will  provide  model  validation  by  comparison  to  hydrothermal  tracer 
experiments  performed  on  laboratory  core  samples,  and  in  situ  tracer 
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experiments  currently  planned  for  the  exploratory  shaft  (Section  8.3.4.2) 
In  performing  these  comparisons,  split  sample  techniques  will  be  used  to 
provide  for  both  model  calibration  and  validation. 


8.3.5.10.5.2.2  Subactivity  1.5.5.2.2:  Application  of  near-field  transport 
model  to  waste  package  releases 

After  model  validation,  the  near-field  flow  and  transport  model  will  be 
applied  to  simulate  transport  of  radionuclides  through  the  first  few  meters 
of  rock  surrounding  the  waste  package.   Predictions  of  package  release  from 
the  waste  package  system  model  will  be  used  as  the  source  term.   Particular 
attention  will  be  given  to  the  effects  of  sorption  processes  and  diffusion  of 
material  into  the  matrix.   The  interaction  of  flow  in  the  rock  matrix  and 
flow  in  fractures  is  expected  to  be  an  important  factor  in  assessing  poten- 
tial transport  paths  for  radionuclides.   The  degree  of  importance  of  fracture 
flow  will  be  coupled  to  the  scenarios  examined  in  Section  8.3.5.10.4.   Final 
results  of  these  calculations  will  determine  the  most  likely  source  term  for 
total  system  performance  calculations. 


8.3.5.10.5.3  Application  of  results 

The  results  of  this  analysis  will  be  applied  to  determine  the  effects  on 
the  radionuclide  source  term  caused  by  the  host  rock  in  the  immediate  vicin- 
ity of  the  waste  package.   There  are  two  methods  by  which  this  may  be  accom- 
plished.  The  first  is  to  modify  the  waste  package  source  term  calculations 
(Section  8.3.5.10.3)  to  account  for  sorption  and  precipitation  processes  ac- 
tive in  the  host  rock  immediately  surrounding  the  waste  package.   The  second 
is  to  examine  the  possibility  of  using  the  results  of  the  present  investiga- 
tions to  modify  the  calculation  of  releases  within  the  waste  package  system 
model  to  account  for  the  retarding  processes  active  in  the  host  rock.   The 
point  at  which  the  application  is  made  does  not  affect  the  structure  or 
schedule  for  the  activities. 

The  purpose  of  this  information  need  is  to  provide  a  source  term  for  use 
in  the  100,000-yr  evaluations  described  in  10  CFR  960.3-1-5. 


8.3.5.10.6  Schedule  for  containment  by  waste  package 

Issue  1.5  (engineered  barrier  system  release  rates)  include  5  infor- 
mation needs,  which  contain  12  activities.  The  schedule  information  for 
these  activities  is  summarized  in  Figure  8.3.5.10-4.   This  figure  includes 
the  activity  number  and  a  brief  description,  as  well  as  major  events  associa- 
ted with  each  activity.  A  major  event,  for  purposes  of  these  schedules,  may 
represent  the  initiation  or  completion  of  an  activity,  completion  or  sub- 
mittal of  a  report  to  the  DOE,  an  important  data  feed,  or  a  decision  point. 


.3.5.10-82 


DECEMBER  1986 


1988 


1989 


1990 


1991 


1992 


V 


V 


START  UASTE 
PACKAGE  ACD 


COMPLETE  UASTE  PACKAGE  ACD; 
START  UASTE  PACKAGE  LAD 


1. 5.1.1  _ 

INTEGRATION  OF 

UASTE  FORM  DATA 

AND  UASTE  PACKAGE 

DESIGN  DATA 

i. s.z.i  A^ 

CHARACTERIZATION  OF   fi 
THE  SPENT  FUEL 
WASTE  FORn 

1.5.2.2  /^ 

CHARACTERIZATION  OF   ft 
THE  SPENT  FUEL 
UASTE  FORM 


A\- 


1  .5.3.  1 

INTEGRATION  OF 

SCENARIOS  FOR  RELEASE 

FROM  UASTE  PACKAGE 

1.S.3.Z 

DEUELOPMENT  OF 

GEOCHEMICAL  SPEC1ATION 

AND  REACTION  MODEL 


l.S.3.3 

GENERATION  OF  MODELS 

FOR  RELEASE  OF 

SPENT  FUEL  UASTE  FORMS 

1  .5.3. 4 

GENERATION  OF  MODELS 

FOR  RELEASE  FROM 

GLASS  UASTE  FORMS 


A 

A 

AA 

A  B 

A 


ED3^S    CUE 
(  1.5.3.2) 


AA^^AA 


7_^ 

E 


,)o    8.3 
aha    8.8.  1 


idel  ifig 


— A-ArA, 

B  H  I 

AA-wV- 


3.5 

5.5.2 


W_v 


—A^-Ar- 

B  C-, 

A — - — A 


A. 


A^ 


A^ 


,A 


A 


to    8.3. 1.3.5 
qr»cj    B.3.  1.3.7 


1993 


1994 


1995 


V 


COMPLETE  UASTE 
PACKAGE  LAD 


-AAi 


4 


i   Uiste    Package 
'   LflD   {  1.  10)  *  *" 


^ 


A  A 


A 


|    Container    noter  n 
rtottel  mg   t  1.4.3) 


A? 


•  oa>a    to    1.5.3.5 


LJ 


A_A 


Figufe  8.3.5.10-4.  Schedule  information  for  Issue  1  5  (engineered  barrier  system  release  rates)  See  Table  8.3  5.10-6  for  dei 
Th.s  network  is  consistent  with  the  Draft  Mission  Plan  Amendment  (DOE.  1988a)  schedule  Revisions  will  be  published  in  sem.a 
progress  reports  as  new  information  becomes  available    (page  l  Qf  2) 


riptions  of  major  events 
mal  site  characterization 


LEGEND 



FLOW  OF  WORK 

A 

INTERFACE  OF  TRANSFER 
OF  INFORMATION 

MAJOR  EVENT 

ACD   - 

ADVANCED  CONCEPTUAL 
OESIGN 

DEIS  • 

DRAFT  ENVIRONMENTAL 
IMPACT  STATEMENT 

LA 

LICENSE  APPLICATION 

LAD    - 

LICENSE  APPLICATION 

8.3.5.10-83 


DECEMBER  198E 


1988 


1989 


1990 


1991 


1992 


l993 


1994 


1995 


@ 


ACTIUITY 
(  CONTINUED  ) 


1.S.3.S 

UASTE  PACKAGE 

PERFORMANCE  ASSESSMENT 

MODEL  DEUELOPMENT 


ZV 


l.S.4.  1 

DETERMINISTIC 

CALCULATION  OF 

RELEASES  FROM 

THE  UASTE  PACKAGE 


l.S.4.2 

PROBABILISTIC 

CALCULATION  OF 

RELEASES  FROM 

THE  UASTE  PACKAGE 

l.S.S. 1        / 
DETERMINATION  DF    £ 
RADIONUCLIDE  TRANSPORT 
PARAMETERS 


l.S.S. 2 

RADIONUCLIDE 

TRANSPORT  MODELING 

IN  THE  NEAR-FIELD 

HASTE  PACKAGE 

ENU1RONMENT 


A 


A- 


START  UASTE 
PACKAGE  ACD 


COMPLETE  UASTE  PACKAGE  ACD; 
START  UASTE  PACKAGE  LAD 


COMPLETE  UASTE 
PACKAGE  LAD 


A 


V 

.ETE  I 
KAGE 


■^—A 


Pc^  tage    6nw  ironnent 
formal  ion    Need     1.  10.4  i 
to    from    1.5.3.1    and     1.5.3.3 

F  ma  I     Di  i  do  t  ion/txrro&  io 


Need  1.«.3 


A 


A- 


Pock-oge  Drs tgn 
■  an  Need  1.  10.2) 


Poc ioge  Design 

ion  Need*,  'l  .  10.  ?  ■■ 


A- 


A-A 

D    E 


io   l-tasie    Pac toge   C*»ti 


A- 


t  Issue    1.1) 


i  Roct/tBter 
ions  (  1. 18.  - 


^r 


C        D 


erf  or  (nance     to    Des.on    Report 

LP©   Source    Term    lo    TotfJi 
litem   Performance    t  iMVC    »■  ' 


A 


>  Misir    Package    Design 
(  1. 18.2   ana    1. 10   3  i 


Figure  8.3.5.10-4.  Schedule  information  (or  Issue  I  5  (engineered  barrier  system  release  rat 
This  network  ii  consistent  with  the  Draft  Mission  Plan  Amendment  (DOE  1988a)  schedule  Re 
progress  reports  as  new  information  becomes  available    (page  2  of  2) 


See  Table  8  3  5  10-6  for  descriptions  of  major  events 
ins  will  be  published  In  semiannual  site  charaeternatior 


8.3.5.10-64 


DECEMBER  1988 

Solid  lines  on  the  schedule  represent  activity  durations  and  dashed  lines 
show  interfaces  among  activities  as  well  as  data  transferred  into  or  out  of 
this  performance  assessment  issue   The  events  shown  on  the  schedule  and 
their  planned  dates  of  completion  are  provided  in  Table  8.3.5.10-6. 

The  activity-level  schedules,  in  combination  with  information  provided 
in  the  logic  diagram  for  this  issue  (Figures  8.3.5.10-1),  are  intended  to 
provide  the  radar  with  a  basic  understanding  of  the  relationships  between 
major  elements  of  the  site,  performance,  and  design  programs.   The  infor- 
mation provided  in  Table  8.3.5.10-6  and  Figure  8.3.5.10-4,  however,  should  be 
viewed  as  a  snapshot  in  time. 

The  overall  program  schedule  presented  here  is  consistent  with  the 
Draft  Mission  Plan  Amendment  (DOE,  1988a) .   The  site  characterization  program 
will  undergo  a  series  of  refinements  following  issuance  of  the  statutory  SCP . 
Refinements  will  consider  factors  both  internal  and  external  to  the  site 
characterization  program,  such  as  changes  to  the  guality  assurance  program. 
Such  refinements -are  to  be  considered  in  ongoing  planning  efforts,  and 
changes  that  are  implemented  will  be  reflected  in  the  semiannual  progress 
report.   Summary  schedule  information  for  each  information  need  of  this  issue 
can  be  found  in  Section  8.5.2.2. 
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8.3.5.11  Plans  for  assessing  seal  system  performance 

The  seal  system  is  composed  of  the  shafts  and  ramps,  exploratory  bore- 
holes and  their  seals,  and  the  sealing  components  associated  with  the  under- 
ground facility.  The  portions  of  10  CFR  Part  60  that  are  related  to  the 
shafts,  boreholes,  and  their  seals  are  Sections  60.134(a)  and  (b)  .   Section 
60.113  relates  a  performance  criterion  on  the  engineered  barrier  system. 
Because  the  engineered  barrier  system  comprises  the  waste  package  and  the 
underground  facility,  the  seals  in  the  underground  facility  are  indirectly 
affected  by  this  performance  criterion.   The  approach  to  establishing  the 
performance  goal  for  the  Yucca  Mountain  Project  seal  program  is  described  in 
Section  8.3.3.2  of  this  document.   The  approach  and  plans  for  assessing  the 
performance  of  seal  designs  is  described  in  the  following. 

Figure  8.3.5.11-1  illustrates  the  overall  logic  currently  being  used  to 
arrive  at  seal  designs  that  can  achieve  a  desired  level  of  performance.  This 
figure  also  correlates  the  six  steps  in  the  Yucca  Mountain  Project  repository 
seal  program  with  these  design-  and  performance-related  efforts.  These  steps 
are  defined  in  the  following  paragraphs  and  are  presented  in  more  detail 
elsewhere  (Fernandez,  1985)  and  in  Section  8.3.3. 

The  first  four  steps  are  performed  during  advanced  conceptual  design  and  are 
as  follows: 

1.  Assess  the  need  for  sealing. 

2.  Define  the  performance  goals  and  design  requirements. 

3.  Measure  material  properties. 

4.  Define  sealing  designs,  assess  the  performance  of  these  designs,  and 
select  the  suitable  sealing  designs. 

The  last  two  steps  are  performed  during  the  license  application  design  (LAD) : 

5.  Perform  laboratory  analyses  and  field  testing,  if  required. 

6.  Reassess  the  performance  of  sealing  designs  (including  reallocation 
of  performance,  if  needed)  and  select  the  suitable  design. 

The  focus  of  this  section  is  to  briefly  summarize  plans  for  assessing 
the  performance  of  sealing  components.   Section  8.3.3  provides  more  explana- 
tion of  planned  seal  performance  analyses  and  information  on  (1)  type  of 
seal,  (2)  function  of  seal,  (3)  location  of  seal,  (4)  physical  process  by 
which  the  seal  functions,  (5)  material  properties  key  to  seal  performance, 
(6)  performance  measures  for  the  seal,  and  (7)  goals  and  desired  confidence. 
The  remainder  of  this  section  summarizes  the  broad  outline  of  the  overall 
strategy  and  the  plans  for  assessing  seal  performance.  A  preliminary  evalua- 
tion of  the  performance  of  sealing  components  will  be  made  as  part  of  step  2. 
In  this  step,  design  options  will  be  rank  ordered  considering  the  relative 
performance  of  the  evaluated  design  options  and  the  ease  in  meeting  the  goal. 
The  logic  to  be  used  in  this  step  is  presented  in  Figure  8.3.5.11-2.  A 
detailed  evaluation  of  the  performance  of  sealing  components  will  be  made 
while  developing  the  LAD.   This  evaluation  will  consider  initial 
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Figure  8.3.5.11-1.      Flowchart  illustrating  the  approach  for  answering  the  performance-related  questions  (modified 
from  Fernandez,  1985). 
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and  altered  seal  material  properties.  To  establish  these  altered  properties, 
it  will  be  necessary  to  evaluate  how  the  initial  material  properties  are 
altered  by  processes  and  events. 

The  effect  of  designs  on  performance  will  also  be  evaluated.  Following 
the  reassessment  of  performance,  it  may  be  determined  that  reallocation  of 
the  performance  goals  is  desired.  For  instance,  if  the  performance  goal  is 
only  marginally  achieved,  it  may  be  prudent  to  reallocate  performance  or 
change  the  design  that  was  evaluated.  If  the  performance  goals  can  be 
achieved,  then  the  designs  evaluated  will  be  proposed  as  part  of  the  LAD. 
Additional  verification  activities  may  be  reguired  if,  through  the  parametric 
analyses,  it  can  be  shown  that  a  higher  degree  of  confidence  is  reguired  to 
achieve  the  performance  goal.  This  higher  degree  of  confidence  can  be 
achieved  through  laboratory,  field  testing,  or  both.  A  reassessment  of  the 
designs  will  be  made  using  the  data  obtained  through  verification  testing. 

The  strategy  used  in  the  sealing  program  to  evaluate  performance  of 
sealing  components  is  to  use  analytical  solutions  in  a  sensitivity  analysis 
and,  when  appropriate  a  combination  of  numerical  and  analytical  models.  The 
numerical  and  analytical  approaches  used  to  date  are  in  Section  6.4.3.1.   It 
is  anticipated  that  no  new  fluid-flow  codes  will  be  reguired  specifically  for 
use  in  the  seal  program.  Rather,  codes  that  are  being  developed,  verified, 
and  validated  for  use  in  other  hydraulic  performance  analyses  needed  for  the 
Yucca  Mountain  Project  will  be  used  for  sealing  analyses.  Input  to  verifica- 
tion and  benchmark  problems  will  be  made  by  the  seal  program  to  ensure  the 
applicability  of  the  codes  to  the  seal  environment. 

The  following  subtasks  will  be  performed  in  evaluating  the  performance 
of  the  sealing  system: 

1.  Develop  the  following  matrices  for  the  materials  and  designs  speci- 
fied in  the  advanced  conceptual  design  report : 

a.  Events  versus  processes.   (Which  likely  natural  events  initiate 
or  enhance  processes  affecting  seal  system  performance?) 

b.  Processes  (static,  dynamic,  and  man-induced)  versus  failure 
mechanisms.   (Which  processes  contribute  to  specific  failure 
mechanisms?) 

c.  Failure  mechanisms  versus  potential  materials  and  designs. 
(Which  materials  or  designs  will  resist,  partially  resist,  or 
will  not  resist  specific  failure  mechanisms?) 

2.  Use  the  results  from  the  following  laboratory  and  field  testing  to 
develop  models  for  use  in  assessing  seal  performance: 

a.  Laboratory  tests  to  evaluate  the  following: 

(1)   Alteration  of  sealing  materials  (cementitious  materials)  in 
contact  with  tuff. 
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(2)  Consolidation  behavior  of  mined  tuff  as  a  function  of  par- 
ticle size  distribution  (this  mined  tuff  will  be  obtained 
from  the  excavation  of  the  exploratory  shaft) . 

(3)  Early  curing  behavior  of  cementitious  materials. 

(4)  Durability  of  concrete  emplaced  on  the  ground  surface. 

b.  Field  tests  of  the  Topopah  Spring  Member  and  the  tuffaceous  beds 
of  Calico  Hills  to  evaluate  the  hydrologic  behavior  of  these 
units  (described  in  Section  8.3.1.2,  geohydrology  program). 

3.  Use  the  matrices  developed  in  part  (1)  together  with  potential 
scenarios  to  predict  the  alteration  of  seal  performance. 

4.  Calculate  the  effect  of  the  postclosure  sealing  system  on  radionu- 
clide release.  This  effort  will  be  coordinated  with  the  total 
system  performance  assessments  (Section  8.3.5.13)  for  a  repository 
at  Yucca  Mountain. 
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8.3.5.12  Issue  resolution  strategy  for  Issue  1.6:  Will  the  site  meet  the 

performance  objective  for  pre-waste-emplacement  ground-water  travel 
time  as  required  by  10  CFR  60.113? 

Regulatory  basis  for  the  issue 

One  of  the  NRC  performance  objectives  for  high-level  waste  repositories 
is  stated  in  10  CFR  60.113(a) (2)  as 

The  geologic  repository  shall  be  located  so  that  pre-waste-emplace- 
ment ground-water  travel  time  along  the  fastest  path  of  likely 
radionuclide  travel  from  the  disturbed  zone  to  the  accessible 
environment  shall  be  at  least  1,000  years  or  such  other  time  as  may 
be  approved  or  specified  by  the  Commission. 

The  disturbed  zone  has  been  defined  qualitatively  in  10  CFR  60.2  as 

That  portion  of  the  controlled  area  the  physical  or  chemical 
properties  of  which  have  changed  as  a  result  of  underground 
facility  construction  or  as  result  of  heat  generated  by  the 
emplaced  radioactive  wastes  such  that  the  resultant  change  of 
properties  may  have  a  significant  effect  on  the  performance  of  the 
geologic  repository. 

The  accessible  environment  has  been  defined  in  10  CFR  60.2  to  mean 
the  atmosphere,  the  land  surface,  surface  water,  oceans,  and  the  portion  of 
the  lithosphere  that  is  outside  the  controlled  area.  The  controlled  area, 
defined  in  40  CFR  191.12(g),  means 

(1)  A  surface  location,  to  be  identified  by  passive  institu- 
tional controls,  that  encompasses  no  more  than  100  square 
kilometers  and  extends  horizontally  no  more  than  five  kilo- 
meters in  any  direction  from  the  outer  boundary  of  the  origi- 
nal location  of  the  radioactive  wastes  in  a  disposal  system, 
and  (2)  the  subsurface  underlying  such  a  surface  location. 

The  current  reference  locations  of  the  boundaries  of  the  disturbed  zone 
and  accessible  environment  at  Yucca  Mountain  are  subject  to  change  and  are 
established  now  only  to  provide  a  planning  basis  for  a  site  specific  approach 
to  resolution  of  this  issue.   Solely  for  the  purposes  of  this  discussion,  a 
distance  of  50  m  below  the  midplane  of  the  repository  is  used  as  the  boundary 
of  the  disturbed  zone  (see  Section  8.3.5.12.5  for  discussion  of  plans  for 
defining  a  more  formal  boundary  of  the  disturbed  zone)  .  A  preliminary 
definition  of  the  boundary  of  the  accessible  environment,  taken  from  Rautman 
et  al.  (1987),  is  shown  in  Figure  8.3.5.12-1.   The  final  definition  of  the 
boundary  of  the  accessible  environment  will  be  determined  by  Subactivity 
1.6.3.1.2  (Section  8.3.5.12.3.1.2). 

The  fastest  path  of  likely  radionuclide  travel  is  not  defined  in  the 
regulation.   For  the  purpose  of  resolving  this  issue,  the  DOE  assumes  that  it 
is  possible  to  identify  geographically  or  geometrically  distinct  pathways  for 
likely  radionuclide  travel  at  the  Yucca  Mountain  site.  One  of  these  pathways 
is  the  generally  downward  flow  of  liquid  water  through  unsaturated  zone 
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hydrostratigraphic  units  underlying  the  repository  level  to  the  water  table 
and  then  to  the  accessible  environment.   The  flow  in  this  pathway  could  be 
through  pores  in  the  ^ck  matrix  and  through  fractures  in  these  units.   Path- 
ways may  also  be  identified  with  potential  fracture  zones  associated  with  the 
Ghost  Dance  fault  or  other  faults  that  may  significantly  affect  flow  times 
through  the  site.   In  addition,  there  may  be  local  zones  within  the  hetero- 
geneous system  in  which  the  necessary  values  of  hydrologic  parameters  are 
sufficiently  correlated  that  a  discrete,  rapid  velocity  pathway  can  be 
identified.  The  "fastest  path  of  likely  radionuclide  travel"  will  be  the 
path  (or  set  of  paths  from  the  total  set  of  possible  paths)  where  radio- 
nuclides will  move  with  the  least  travel  time. 

The  approach  described  here  and  the  activities  within  this  issue  will 
support  a  demonstration  of  compliance  with  10  CFR  60.113  reguirements  by 
providing  for  the  determination  of  the  distribution  of  pre-waste-emplacement 
ground-water  travel  times  along  the  fastest  path  of  likely  radionuclide 
travel  from  the  disturbed  zone  to  the  accessible  environment.  Though  water 
may  move  through  the  unsaturated  zone  in  both  liguid  and  vapor  phases,  this 
issue  is  concerned  only  with  the  travel  time  of  liguid  water.  The  direct 
effects  on  performance  of  vapor  flux  through  the  unsaturated  zone  are 
addressed  by  Issue  1.1  (Section  8.3.5.13).  Vapor  flux  through  the  unsatu- 
rated zone  at  Yucca  Mountain  may  significantly  influence  both  the  magnitude 
and  direction  of  liguid  water  flux  and  will  therefore  be  considered  in 
determining  ground-water  (liguid)  travel  time. 

Within  the  following  text  of  this  overview  section,  the  background  of 
this  issue  is  discussed  followed  by  a  discussion  of  the  issue  resolution 
strategy,  and  the  relationship  between  the  issue  and  the  information  needs. 

Background 

The  present  understanding  of  hydrogeologic  conditions  at  Yucca  Mountain 
is  described  in  Chapter  3.  The  proposed  repository  will  be  located  in  the 
unsaturated  zone,  and  liquid-phase  releases  of  radionuclides  to  the  acces- 
sible environment  will  probably  occur  in  the  saturated  zone  after  migration 
downward  through  the  unsaturated  zone.   This  means  that  the  flow  paths  of 
concern  will  have  two  parts:   an  approximately  vertically  downward  portion 
through  the  unsaturated  zone  and  a  generally  horizontal  portion  through  the 
saturated  zone  (Figure  8.3.5.12-2). 

The  site  parameters  that  describe  the  hydrologic  characteristics  along 
these  general  paths,  as  well  as  any  other  paths  that  may  be  identified  during 
site  characterization,  will  be  measured  during  the  characterization  process. 
The  hydrogeologic  test  plans  that  support  the  resolution  of  Issue  1.6  are 
addressed  in  the  geohydrology  program  (Section  8.3.1.2).  An  additional 
requirement  for  resolving  Issue  1.6  is  the  confirmation  and  refinement  of 
conceptual  models  for  flow  through  the  saturated  and  unsaturated  zones  at  the 
site.  Plans  for  development  of  these  models  are  also  described  in  the 
jeohydrology  program. 

Current  concepts  generally  distinguish  two  general  modes  of  ground-water 
(  movement  through  the  unsaturated  zone. 
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1.  Flow  predominantly  through  pores  in  the  rock  matrix.   In  this  mode, 
the  time  of  water  movement  through  a  given  volume  of  rock  is 
dominated  by  flow  through  the  small  but  abundant  matrix  pores  of  the 
tuffaceous  rocks.   Current  data  on  site  characteristics  and  likely 
flux  values  beneath  the  repository  depths  suggest  that  this  is  the 
predominant  mode  of  ground-water  movement  from  the  disturbed  zone  to 
the  water  table  (Section  3.9.4).  Although  local  regions  of  fracture 
flow  may  exist  along  significant  fractions  of  any  flow  path,  contin- 
uous fracture  flow  probably  does  not  occur  along  the  entire  distance 
of  any  given  flow  path  from  the  disturbed  zone  to  the  water  table. 

2.  Continuous  flow  through  fractures  or  faults.   In  this  mode,  the  flow 
rate  is  relatively  rapid  because  flow  along  one  or  more  entire  paths 
is  constrained  to  the  relatively  large  but  sparse  openings  consti- 
tuting a  fracture  network.   Continuous  fracture  flow  from  the  dis- 
turbed zone  to  the  accessible  environment  may  be  caused  by  various 
sequences  of  events  and  may  occur  in  only  one  general  location  or  be 
distributed  throughout  the  site.   This  flow  may  be  caused  by  epi- 
sodic or  continual  lateral  diversion  of  water  toward  a  fault;  by  an 
average,  sustained  percolation  rate  higher  than  the  values  of  matrix 
saturated  conductivity;  by  periodic,  high  intensity  infiltration 
events  at  the  surface;  or  by  other  means  (Section  3.9.4).   The  con- 
ditions necessary  to  induce  and  sustain  fracture  flow,  if  such 
conditions  exist  at  the  Yucca  Mountain  site,  are  addressed  by  the 
geohydrology  program,  Sections  8.3.1.2.2  and  8.3.1.2.3.   Continuous 
fracture  flow  beneath  the  potential  repository  is  not  considered 
likely  at  Yucca  Mountain  (Montazer  and  Wilson,  1984;  Peters  et  al., 
1986;  Sinnock  et  al.,  1984a,  1986;  Wang  and  Narasimhan,  1986). 
However,  because  implications  of  such  flow  include  short  travel 
times,  this  mode  of  flow  will  be  considered  in  resolution  of  this 
issue. 

The  strategy  for  determining  ground-water  travel  times  is  to  account  for 
the  current  uncertainty  about  flow  mechanisms  that  may  occur  at  the  site,  as 
well  as  uncertainty  about  the  spatial  distribution  of  rock  characteristics 
along  flow  paths  and  about  boundary  conditions.   Therefore,  site  data  are 
needed  to  reduce  the  current  uncertainty  about  whether  the  likely  ground- 
water flow  paths  include  continuous  fracture  flow.   Flow  in  both  the  matrix 
and  fractures  in  the  unsaturated  zone  will  be  considered  on  a  probabilistic 
basis,  unless  site  data  unambiguously  support  a  position  that  continuous 
fracture  flow  is  not  likely  enough  for  serious  consideration. 

In  the  saturated  zone  also,  the  general  pathway  for  water  movement  prob- 
ably includes  travel  through  alternating  matrix  blocks  and  fractures.   For 
purposes  of  conservatively  evaluating  ground-water  travel  time,  the  saturated 
zone  will  probably  be  treated  solely  as  an  equivalent  porous  medium  where 
fracture  properties  characterize  the  medium. 

Approach  to  resolving  the  issue 

The  general  approach  to  resolving  this  issue,  and  others,  is  dis- 
cussed in  Section  8.2.2.   Specifically,  the  strategy  for  resolving  this 
issue  entails  the  definition,  characterization,  and  assessment  of  multiple 
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barriers  to  ground-water  flow.   By  dividing  potential  flow  paths  and  flow 
processes  into  discrete  categories,  the  DOE  conceptually  can  establish  mul- 
tiple, quasi-independent  natural  barriers  to  which  goals  for  ground-water 
travel  time  can  be  assigned.  For  resolving  Issue  1.6,  the  multiple  natural 
barriers  are  considered  to  be  distinct  hydrogeologic  units  that  occur  along 
potential  flow  paths.   For  purposes  of  developing  the  strategy  for  resolving 
Issue  1.6,  the  distinct  hydrogeologic  units  are  defined  using  thermal  and 
mechanical  characteristics.   If  the  listing  shows  these  units  to  be  insuffi- 
cient for  describing  hydrogeologic  flow  paths,  the  stratigraphy  will  be 
revised  accordingly.   This  approach  to  resolving  Issue  1.6  is  valid 
regardless  of  the  stratigraphy  that  is  used  to  define  the  distinct  hydro- 
geologic  units.  Within  each  unit  different  types  of  general  flow  processes 
may  be  distinguished,  including  advective  flow  in  rock  pores,  similar  flow  in 
fractures,  and  diffusion  between  and  within  the  matrix  and  fractures. 

The  strategy  is  based  on  current  understanding  of  flow  behavior  in  each 
of  the  hydrogeologic  units  and  current  assessments  of  the  relative  contribu- 
tion of  each  process  in  each  unit  to  flow  velocities.   The  strategy  will 
identify  any  significant  discrete  pathways  for  likely  radionuclide  travel  and 
investigate  the  flow  behavior  in  these  pathways.   Separate  goals  of  1,000  yr 
of  travel  time,  with  varying  degrees  of  confidence,  are  assigned  to  the 
several  hydrogeologic  units  under  flow  conditions  dominated  by  the  several 
processes.   If  any  combination  of  a  single  unit  and  set  of  processes  can  be 
shown  to  meet  the  goal  of  1,000  yr,  the  issue  could  be  considered  resolved. 
However,  all  units  will  be  characterized  and  evaluated.   If  several  units  and 
associated  processes  meet  their  goals,  confidence  is  significantly  enhanced 
that  the  repository  site,  considered  in  the  whole,  will  meet  the  1,000-yr 
requirement.   This  defense-in-depth  approach  is  designed  to  provide  reason- 
able assurance  that  the  site  will  comply  with  the  NRC  performance  objective, 
even  given  the  uncertainty  about  flow  mechanisms  and  flow  path  characteris- 
tics that  will  remain  after  site  characterization. 

Specifically,  resolution  of  Issue  1.6  requires  several  steps  as  shown 
schematically  in  Figure  8.3.5.12-3.   The  process  for  resolution  (the  center- 
line  in  Figure  8.3.5.12-3)  is  designed  to  account  for  both  conceptual  and 
parameter  uncertainties  (left  and  right  lines,  respectively,  Figure 
8.3.5.12-3).   The  first  general  step  is  performance  allocation  where  relevant 
characterization  needs  are  established  through  a  five-part  process: 

1.  Identifying  all  hydrogeologic  units  along  potential  flow  paths  to 
the  accessible  environment  and  identifying  all  potentially  operating 
processes  within  each  of  these  units. 

2.  Classifying  hydrogeologic  units  and  flow  processes  as  primary, 
secondary,  and  auxiliary  "barriers"  to  establish  a  defense-in-depth 
basis  for  reasonable  assurance  that  flow  time  to  the  accessible 
environment  is  at  least  1,000  yr. 

3.  Establishing  measures  of  performance  (i.e.,  travel  time)  that  allow 
comparisons  of  the  flow  behavior  in  each  unit  to  the  1,000-yr  flow 
time  requirement. 
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Figure  8.3.5.12-3.  Schematic  logic  for  resolution  of  Issue  1  6  (current  alternative  models  of  fiow  system 
acknowledge  matrix  and  fracture  dominated  flow  in  unsaturated  zone,  seepage  velocity  dispersion  and 
diffusion)  (Note:  TSw  =  Topopah  Spring  welded  unit;  CHnv  =  Calico  Hills  nonwelded  vitric  unit.  CHnz-  Calico 
Hills  nonwelded  zeolitic  unit.  SZ-^saturated  zone.  GWTT     ground-water  travel  time  ) 
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4.  Assigning  goals  and  associated  levels  of  confidence  for  each 
performance  measure. 

5.  Identifying  relevant  parameters  and  associated  levels  of  confidence 
that  will  be  used  to  predict  the  travel  time  and  associated  uncer- 
tainty through  each  unit. 

The  second  general  step  is  performance  assessment,  which  involves 
defining,  constructing,  and  applying  models  to  make  travel-time  predictions. 
The  final  step,  performance  evaluation,  entails  comparison  of  predicted 
travel  times  to  the  goals  for  each  unit,  then  comparing  the  travel  times  in 
all  units  in  combination  to  the  1,000-yr  requirement  to  assess  the  likelihood 
of  compliance  with  the  1,000-yr  travel-time  performance  objective.   This 
final  step  includes  some,  as  yet  ill-defined,  process  for  assessing  the 
validity  of  the  predictive  models  (Section  8.3.5.19).  Each  of  the  parts  of 
performance  allocation,  the  first  general  step,  is  discussed  in  the 
immediately  following  pages.   Current  plans  for  the  second  step,  performance 
assessment,  are  outlined  in  the  succeeding  discussion  of  Information  Needs 
1.6.2  through  1.6.4  (Sections  8.3.5.12.2  through  8.3.5.12.4).   The  third 
step,  performance  evaluation,  is  not  explicitly  addressed  because  the 
criteria  for  evaluating  the  degree  of  compliance  with  performance  objectives 
are  not  yet  known.  A  summary  of  the  performance  allocation  process  for  this 
issue  is  provided  in  Table  8.3.5.12-1. 

Both  technical  and  institutional  uncertainties  affect  the  approach  to 
resolving  Issue  1.6  presented  in  this  section.   Technical  uncertainties 
surrounding  the  determination  of  the  ground-water  travel  time  along  the 
fastest  path  of  likely  radionuclide  travel  arise  from  (1)  the  uncertainty 
about  the  validity  of  current  conceptual  models  of  hydrologic  flow  and 
(2)  the  uncertainty  about  the  spatial  distribution  of  the  parameters  that 
describe  the  hydrologic  flow  system.   Reducing  technical  uncertainties 
associated  with  pre-emplacement  ground-water  travel  time  predictions  is  the 
goal  of  the  site  characterization  activities. 

The  institutional  uncertainty  relates  to  the  difficulty  in  defining  the 
concept  of  "fastest  path  of  likely  radionuclide  travel"  and  the  approach  to 
determining  the  ground-water  travel  time  along  that  path  for  licensing 
purposes. 

If  an  approved  approach  to  evaluation  of  the  pre-emplacement  ground- 
water travel  times  evolves  that  differs  from  that  presented  below  evolves, 
the  site  data  collected  in  response  to  the  preliminary  plan  described  in  this 
section  should  be  sufficiently  generic  to  be  applicable.   Periodic  reval- 
uation of  the  potential  for  changes  in  site  data  needs  caused  by  changes  in 
regulatory  interpretations  is  recognized  to  be  an  important  aspect  of  the 
overall  issue  resolution  process. 

Step  1.  Flow  system  identification 

The  components  of  the  natural  setting  that  compose  a  portion  of  the 
Yucca  Mountain  geologic  disposal  system  are  shown  in  Table  3-17 
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(Section  3.9).  These  components  are  defined  as  hydrogeologic  units  (system 
components)  that  occur  along  potential  ground-water  travel  paths  between  the 
disturbed  zone  and  the  accessible  environment.   There  are  seven  units  in  the 
unsaturated  zone:   (1)  Topopah  Spring  welded  unit  (TSw) ,  (2)  Calico  Hills 
nonwelded  vitric  unit  (CHnv)  ,  (3)  Calico  Hills  nonwelded  zeolitic  unit 
(CHnz) ,  (4)  Prow  Pass  welded  unit  (PPw) ,  (5)  Prow  Pass  nonwelded  unit  (PPn) , 
(6)  Bullfrog  welded  unit  (BFw) ,  and  (7)  Bullfrog  nonwelded  unit  (BFn) .  The 
saturated  zone  (SZ)  in  its  entirety  is  defined  as  a  separate,  eighth  unit. 
As  site  characterization  progresses,  it  may  be  determined  that  the  hydrologic 
units  need  to  be  subdivided  to  characterize  more  adequately  the  ground-water 
flow  paths  to  the  accessible  environment. 

Each  of  these  hydrogeologic  units  can  be  subdivided  into  two  types  of 
physical  elements  that  may  be  considered  to  define  distinct  pathways:  matrix 
pores  and  fractures.  Fractures,  in  turn,  are  considered  to  exist  as  two 
types:   (1)  distributed  networks  and  (2)  fault  zones.   This  classification, 
though  unit  specific,  is  designed  to  account  for  thoroughgoing  fracture 
pathways,  distributed  throughout  the  rock  mass  or  along  fault  zones,  that  may 
extend  uninterrupted  from  the  disturbed  zone  to  the  water  table  and  along  the 
saturated  pathways  to  the  accessible  environment. 

The  spatial  locations  of  flow  paths  from  the  disturbed  zone  to  the 
accessible  environment  are  generally  through  the  unsaturated  zone  to  the 
water  table  and  along  a  5-km  distance  in  an  approximately  down-gradient 
direction  along  the  upper  part  of  the  saturated  zone.  Although  a  defini- 
tion of  the  boundaries  of  the  disturbed  zone  is  not  yet  firm  (Information 
Need  1.6.5,  Section  8.3.5.12.5),  this  discussion  uses  a  distance  of  50  m 
below  the  midplane  of  the  repository  as  the  boundary.   The  hydrogeologic 
units  that  may  be  relied  upon  depend  to  a  certain  extent  on  where  this 
boundary  lies;  however,  the  ability  of  the  site  to  meet  the  1,000-yr 
ground-water  travel-time  criterion  probably  is  not  affected  much  by  moderate 
departures  from  this  definition.   The  thickness  of  each  unsaturated 
hydrogeologic  unit  between  the  assumed  boundary  of  the  disturbed  zone  and 
water  table  is  shown  in  Figure  8.3.5.12-4. 

Each  of  the  two  physical  elements  (fractures  and  matrix)  of  each  hydro- 
geologic  unit  is  considered  a  potential  pathway  for  water  flow.   Several 
processes  may  be  used  to  describe  flow  along  each  pathway.   Darcian  flow  with 
dispersion  in  fractured  porous  media  is  the  process  that  will  be  used  as  a 
baseline  case  to  describe  water  movement  through  the  unsaturated  and  satu- 
rated hydrogeologic  units.  Dispersion  is  a  mixing  and  spreading  process  that 
should  be  considered  to  account  for  the  times  of  first  arrivals  in  a  travel- 
time  distribution.   Dispersion  is  believed  to  be  caused  by  small-  to  large- 
scale  heterogeneities  along  a  flow  path.  The  dispersive  effects  of  medium- 
to  large-scale  heterogeneities  will  be  addressed  by  accounting  for  macro- 
scopic property  variations  along  flow  paths,  and  small  scale  effects  may  be 
addressed,  if  they  are  shown  to  accelerate  significantly  first  arrivals,  by 
assigning  a  dispersivity  factor  to  each  unit. 

If  diffusion  of  inert  tracers  between  matrix  pores  and  fracture  openings 
is  relied  upon,  the  characteristics  and  limitations  of  the  diffusive  process 
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must  be  adequately  characterized.  Because  radionuclide  travel  may  occur  by 
particles  larger  than  inert  tracers  (such  as  colloids),  characterization  of 
colloid  formation  and  behavior  is  also  planned.   The  diffusive  character- 
istics of  radionuclides  and  colloids  will  be  investigated  under  the  geochem- 
istry program  (Section  8.3.1.3).   Section  8..3.5.13  (Issue  1.1)  provides  more 
discussion  on  the  transfer  of  particles  between  the  matrix  and  the  fractures 
by  a  diffusive  process. 

Step  2.   Selection  by  hydrogeologic  units  and  flow  process 

If  the  current  conceptual  model  for  the  unsaturated  zone  is  valid,  each 
of  the  hydrogeologic  units  listed  previously  is  a  barrier  that,  in  and  of 
itself,  is  likely  to  have  travel  times  of  at  least  1,000  yr  along  some  path 
of  likely  radionuclide  travel  (Figure  8.3.5.12-5,  top).   Current  analyses 
(Sinnock  et  al.,  1986)  indicate  that  the  fastest  path  of  likely  radionuclide 
travel  from  the  disturbed  zone  to  the  water  table  will  probably  occur  beneath 
the  east-northeast  region  of  the  proposed  repository  (Figure  8.3.5.12-5, 
bottom) .   Only  two  unsaturated  units  occur  in  this  area;  the  Topopah  Spring 
welded  and  Calico  Hills  zeolitic  units  (Figure  8.3.5.12-6).  All  potential 
paths  of  liquid  water  flow  from  the  disturbed  zone  to  the  accessible  environ- 
ment include  segments  of  flow  in  the  saturated  and  unsaturated  zones. 
Accordingly,  a  level  of  performance  has  been  allocated  to  the  Topopah  Spring 
welded,  Calico  Hills  nonwelded  zeolitic,  and  saturated-zone  hydrogeologic 
units  (Table  8.3.5.12-1) . 

Sinnock  et  al.  (1986)  assumed  one-dimensional  steady-state,  vertical 
flow  through  matrix  and  fractures  of  the  unsaturated  zone  and  concluded  that 
the  Calico  Hills  nonwelded  zeolitic  unit  has  travel  times  along  the  fastest 
paths  much  greater  than  1,000  yr.   Based  on  these  analyses,  this  unit  is 
allocated  a  high  level  of  performance  and  is  referred  to  as  a  primary 
barrier.   The  Topopah  Spring  welded  unit  and  the  saturated  zone  are  consid- 
ered secondary  barriers,  and  are  allocated  lower  levels  of  performance.  The 
Calico  Hills  vitric  unit,  where  present,  is  also  thought  to  provide  rela- 
tively long  travel  times,  comparable  to  or  greater  than  those  in  a  similar 
thickness  of  the  zeolitic  facies  of  the  Calico  Hills  tuffs,  though  this  unit 
probably  is  very  thin  or  absent  below  the  northeast  portion  of  the  current 
facility  design  where  the  fastest  flow  paths  to  the  water  table  are  likely  to 
occur. 

Because  of  uncertainty  regarding  how  to  determine  the  fastest  path  of 
radionuclide  travel,  flow  from  the  entire  disturbed  zone  boundary  over  the 
entire  site  will  be  included  in  the  distribution  of  travel  times  from  which 
the  fastest  path  will  be  identified.   For  the  entire  site,  the  vitric  portion 
of  the  Calico  Hills  unit  would  also  serve  as  a  primary  barrier,  as  indicated 
in  Table  8.3.5.12-1.  The  Calico  Hills  vitric  unit  has  a  higher  saturated 
hydraulic  conductivity  than  the  Calico  Hills  zeolitic  unit  and  is  therefore 
more  likely  to  have  drained  to  lower  saturation  and  higher  suction, 
particularly  in  view  of  its  greater  distance  above  the  water  table.   There- 
fore, matrix-dominated  flow  can  be  assumed  with  more  confidence  in  the  vitric 
unit  than  in  the  more  nearly  saturated  zeolitic  unit.   If  the  regulatory 
basis  for  defining  the  fastest  path  is,  as  expected,  restricted  to 
geographical  regions  of  least  flow  time,  it  might  be  prudent  to  modify  the 
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Figure  8.3.5.12-5.  Travel-time  plots:  Top  -  cumulative  frequency  plots  of  current  travel-time  estimates  through 
each  hydrogeologic  unit  and  through  the  total  thickness  of  the  undistrubed  unsaturated  zone;  Bottom  -  isochron 
maps  of  mean   total  travel   times  in   years      Cross-section   A   A     is  shown   in    Figure   8.3.5.12-6.     Modified   from 
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proposed  location  of  the  repository  to  ensure  that  at  least  a  minimal 
thickness  of  vitric  Calico  Hills  tuff  occurs  along  all  flow  paths  from  the 
disturbed  zone  to  the  water  table. 

Other  units  (e.g.,  BFw)  will  also  contribute  to  a  longer  ground-water 
travel  time;  however,  the  different,  sometimes  zero,  thicknesses  of  these 
units  (Figure  8.3.5.12-4)  for  different  flow  paths  requires  that  their  role 
in  resolving  the  issue  be  considered  somewhat  differently.   For  the  purpose 
of  this  allocation,  these  units  are  termed  auxiliary.  This  allocation 
strategy  may  change  as  additional  data  and  understanding  are  obtained. 

Flow  through  the  unsaturated  units  of  Yucca  Mountain  includes  the 
possibility  of  localized  sustained  flow  in  fractures  (Montazer  and  Wilson, 
1984) .  Under  the  current  conceptual  model,  if  substantial,  continuous 
fracture  flow  exists  at  the  site,  it  probably  will  not  occur  throughout  broad 
regions.   Sustained  flow  in  fractures  is  most  likely  to  occur  only  along  a 
major  geologic  structural  feature  such  as  the  Ghost  Dance  fault  or  faults 
bounding  the  site  to  the  east.   This  may  occur  if  a  sufficient  flux  of  water 
is  diverted  laterally  to  the  structural  features  where  the  water  could  then 
drain  quickly  through  fractures  along  the  fault  to  the  water  table  (Rulon 
et  al.,  1986).   Temporary  or  steady-state  ponding  of  perched  water  near  the 
structural  features  is  presently  considered  possible  within  and  above  the 
nonwelded  units.   Therefore,  if  water  moves  as  continuous  flow  in  fractures 
to  the  water  table,  it  probably  occurs  in  down-dip  areas  along  the  eastern 
portion  of  the  site,  where  the  Calico  Hills  vitric  unit  is  thin  or  absent  and 
the  zeolitic  unit  is  nearly  saturated.   Portions  of  the  previously  discussed 
pathways,  particularly  those  at  shallow  depths,  may  experience  fracture  flow 
following  episodic,  high  infiltration  events. 

Under  the  present  conceptual  model,  liquid  flow  in  the  unsaturated  zone 
is  predominately  downward.   However,  lateral  diversion  of  water  at  some  unit 
contacts  is  possible.  If  such  paths  are  established  as  likely  during  site 
characterization,  they  would  then  be  used  as  the  basis  for  determining  travel 
time.  There  is  a  credible  possibility  that,  below  the  repository  level,  very 
little  liquid  water  is  moving  in  any  direction  (e.g.,  if  flux  «  0.5  mm/yr) 
and  that  a  nearly  static  condition  prevails  (Roseboom,  1983) .  A  significant 
possibility  also  exists  that,  in  terms  of  quantities  of  water,  downward  flux 
of  liquid  water  is  less  than  the  upward  flux  of  vapor  (Montazer  and  Wilson, 
1984) .  These  possibilities  will  be  investigated  during  further  development 
of  the  hydrologic  model,  as  described  in  the  geohydrology  program.   In  lieu 
of  more  definitive  information,  the  assumption  of  net,  downward  movement  of 
liquid  flux  probably  is  a  conservative  basis  for  calculating  ground-water 
travel  times. 

An  auxiliary  facet  of  the  strategy  for  assessing  ground-water  travel 
times  involves  the  estimation  of  ground-water  ages  at  different  points  along 
the  flow  paths.   Geochronology  using  carbon,  chlorine,  and  hydrogen  isotopes 
in  the  ground  water  can  provide  a  basis  for  estimating  ground-water  residence 
times.   Results  of  such  studies  are  generally  subject  to  significant  uncer- 
tainty regarding  the  identification  of  flow  paths,  mixing  of  waters  of  dif- 
ferent ages,  etc.  However,  data  on  residence  times  (ages)  of  water  along  the 
potential  pathways  are  expected  to  be  very  useful  for  helping  to  interpret 
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ground-water  travel  times  calculated  with  numerical  models.   Standard  hydro- 
chemical  data  may  also  be  used  to  help  determine  whether  computed  travel 
times  are  consistent  with  the  isotopically  determined  ages  (Section 
8.3.1.2.2)  . 

Step  3.   Performance  measure 

The  probability  or  frequency  distribution  of  calculated  ground-water 
travel  times  is  the  performance  measure  for  each  hydrogeologic  unit.   Ground- 
water travel  time  is  an  obvious  choice  because  of  its  direct  relationship  to 
10  CFR  Part  60.113(a)  (2)  and  because  time  is  a  fundamental  quantity.   The 
measure  of  performance  for  each  hydrogeologic  unit  will  be  expressed  as  a 
cumulative  distribution  curve. 

Uncertainties  associated  with  parameter  values  will  be  addressed  by 
randomly  sampling  the  properties  from  an  empirical  probability  distribution 
function  that  describes  natural  variability  within  each  hydrogeologic  unit, 
as  well  as  uncertainty  associated  with  that  variability.   The  effects  of 
diffusion  (between  the  fractures  and  the  matrix)  will  be  considered. 
Finally,  the  uncertainty  in  the  travel  time  caused  by  alternative  conceptual 
models  will  be  incorporated  in  the  cumulative  distribution  curves,  perhaps  by 
subjective  weighting  of  the  alternatives  based  on  peer  review. 

The  cumulative  distribution  curve  of  travel  times  for  each  hydrogeologic 
unit  is  intended  to  encompass  all  relevant  sources  of  uncertainty.   This 
implies  neither  that  all  uncertainty  will  be  objectively  quantified  nor  that 
the  cumulative  distribution  curve  will  be  a  measure  of  the  true  travel-time 
distribution.   Rather,  the  curves  will  represent  the  uncertainty  associated 
with  parameter  measurements  as  well  as  the  uncertainty  associated  with  many 
professional  judgments  about  the  likely  effects  of  the  various  sources  of 
parameter  and  conceptual  uncertainty  on  flow  mechanisms.   Thus,  in  combi- 
nation, the  cumulative  distribution  curves  will  provide  a  performance  measure 
that  allows  informed  judgments  about  the  likely  range  and  uncertainty  in  the 
travel  time  from  the  disturbed  zone  to  the  accessible  environment. 

Step  4.  Performance  goals 

The  overall  performance  goal  desired  for  the  ground-water  travel-time 
measure  for  the  combination  of  all  hydrogeologic  units  between  the  disturbed 
zone  and  the  accessible  environment  is  1,000  yr  at  a  high  level  of  confidence 
(Table  8.3.5.12-1).   This  goal  has  been  established  to  guide  studies  that 
support  the  resolution  of  Issue  1.6  and  is  considered  to  be  extremely 
conservative.   To  achieve  the  desired  confidence  in  the  total  site,  perform- 
ance goals  of  1,000  yr  are  set  for  several  individual  hydrogeologic  units  to 
establish  multiple  barriers  and  implement  a  strategy  of  defense-in-depth 
(Table  8.3.5.12-1).   Figure  8.3.5.12-7  shows  examples  of  a  histogram  and  an 
associated  cumulative  distribution  curve  for  the  overall  performance  measure 
of  ground-water  travel  time  from  the  disturbed  zone  through  all  the  units 
that  make  up  the  unsaturated  zone.   These  examples  from  Sinnock  et  al . , 
(1986)  are  based  on  the  net  effects  of  matrix  flow,  with  no  diffusion. 
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Figure  8.3.5.12-7.  Examples  of  ground-water  travel-time  distributions:  top-histogram;  bottom-cumulative 
distribution  function  showing  x  percentile  of  flow  having  travel  times  less  than  some  specified  value,  T*.  Modified 
from  Sinnock  et  al.   (1986). 
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Performance  goals  of  1,000  yr  are  set  to  establish  a  direct  basis  for 
assessing  compliance  with  the  performance  objective.   Goals  for  10,000  yr  are 
included  to  provide  a  second  point  on  the  cumulative  distribution  curve, 
thereby  lending  a  degree  of  assurance  that  minor  shifts  in  the  whole  curve 
(e.g.,  due  to  conceptual  or  parameter  uncertainties)  will  not  lead  to 
significant  differences  in  the  likelihood  of  travel  times  less  than  1,000  yr. 
Also,  10,000  yr  goals,  if  met,  provide  a  basis  for  a  defense-in-depth 
strategy  for  resolving  Issue  1.1,  which  addresses  releases  of  radionuclides 
over  a  10,000-yr  period.   The  confidence  goals  set  for  each  unit  for  both 
1,000-yr  and  10,000-yr  travel  times  are  based  on  results  of  preliminary 
evaluations  by  Sinnock  et  al.  (1986),  exemplified  in  Figures  8.3.5.12-5  and 
8.3.5.12-7. 

The  confidences  indicated  for  the  two  travel-time  goals  for  each 
individual  unit  range  from  very  low  to  very  high  (Table  8.3.5.12-1).   Five 
levels  of  confidence  are  assigned;  very  high,  high,  medium,  low,  and  very 
low.  Very  high  indicates  that  the  goal  lies  at  least  three  standard 
deviations  below  the  mean  of  the  ground-water  travel  time  distribution;  high 
indicates  that  the  goal  lies  at  least  two  standard  deviations  below  the  mean; 
medium,  at  least  one  standard  deviation  below  the  mean;  low,  less  than  the 
mean;  and  very  low,  less  than  one  standard  deviation  above  the  mean.  The 
differences  in  assigned  confidences  depend  on  such  factors  as  saturation  in 
each  unit,  frequency  and  apertures  of  fractures,  thickness  of  each  unit,  and 
percentage  of  the  repository  area  underlain  by  each  unit.   Confidence  for  the 
required  travel  time  to  the  accessible  environment  would  be  high  if  the  goal 
is  met  for  various  individual  units,  or  (because  of  the  redundancy  among 
individual  units)  very  high  if  goals  are  met  for  several  of  the  various 
individual  units. 

The  confidence  desired  for  travel  time  through  both  Calico  Hills  units, 
CHnv  and  CHnz,  is  highest  of  all  units,  consistent  with  their  designation  as 
primary  barriers.  A  confidence  level  of  low  was  set  for  the  TSw  unit  because 
only  a  short  path  length  may  exist  below  some  portions  of  the  disturbed  zone 
and  because  of  the  greater  likelihood  of  fracture  flow  through  significant 
portions  of  this  densely  fractured  and  welded  unit  than  through  the  CHn 
units.   Confidence  levels  for  the  auxiliary  Prow  Pass  and  Bullfrog  units 
(PPw,  PPn,  BFw,  and  BFn)  are  lower  because  they  occur  only  beneath  part  of 
the  repository  area  (Figures  8.3.5.12-4  and  8.3.5.12-6).   The  goal  for  the 
saturated  zone,  a  secondary  barrier,  is  assigned  relatively  low  confidence 
based  on  current,  conservative  estimates  of  saturated  zone  flow  times  (DOE, 
1986b) . 

Comparisons  of  calculated  ground-water  travel-time  distributions  (Figure 
8.3.5.12-5)  with  the  performance  goals  (Table  8.3.5.12-1)  provide  the  basis 
for  determining  if  each  hydrogeologic  unit  meets  its  goal.   This  performance 
evaluation  will  be  done  after  more  data  are  available  and  new  curves  are 
calculated  by  determining  from  the  cumulative  distribution  curves  the  likeli- 
hood that  travel  time  is  greater  than  the  performance  goal  (e.g.,  1,000  yr) . 
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Step  5.   Parameter  needs 

The  parameters  required  to  satisfy  this  issue  are  those  that  can 
establish  a  basis  for  reasonable  assurance  that  the  performance  goals  are 
met.   This  assurance  can  be  achieved,  in  large  part,  if  it  can  be  demon- 
strated that  water  flows  predominantly  through  the  matrix  rather  than  the 
fractures.   This  would  occur  if  the  water  flows  through  a  sufficient  volume 
of  matrix  pores  for  at  least  some  minimal  portion  of  each  unit  to  which  a 
goal  has  been  assigned.   For  each  unit,  the  sufficient  volume  of  pore  space 
may  be  expressed  as  effective  porosity,  ne .   The  minimum  portion  of  each  unit 
may  be  expressed  for  a  given  flux,  q,  as  distance,  d,  along  a  flow  path 
(generally  equivalent  to  thickness  of  units  in  the  unsaturated  zone,  assuming 
vertical  flow) .   The  condition  of  flow  through  the  matrix  may  be  expressed  by 
a  ratio  of  percolation  flux  to  the  saturated  hydraulic  conductivity  of  the 
matrix,  q/Ks .   If  this  ratio  is  less  than  some  threshold  value,  generally 
taken  to  be  somewhat  less  than  one,  a  potential  (expressed  as  suction  pres- 
sure) for  additional  moisture  retention  will  exist  in  the  matrix  materials 
and  the  entire  flow  volume  will  tend  to  move  through  the  matrix.   This,  in 
effect,  means  that  if  flux  exceeds  matrix  saturated  conductivity,  fracture 
flow  is  expected  to  occur.   However,  where  flux  is  less  than  the  conduc- 
tivity, the  resulting  potential  will  tend  to  draw  water  from  adjacent 
fractures  into  the  matrix  pores  until  pressure  equilibrium  is  established 
between  the  matrix  and  fractures.   The  water  that  remains  in  fractures  at 
this  equilibrium  pressure  will  occur  in  apertures  generally  equal  in  diameter 
to  the  largest  saturated  matrix  pores  or  cling  to  asperities  equal  in  radius 
to  even  larger  unsaturated  matrix  pores  holding  water  in  menisci.   Because  an 
air-gap  constrictivity  generally  occurs  along  fractures  with  apertures  larger 
than  the  radius  of  partially  saturated  matrix  pores  (Wang  and  Narisimhan, 
1985;  Montazer,  1982),  flow  along  fractures  under  suction  pressures  tends  not 
to  occur  and  flow  across  fractures  may  be  considered  an  extension  of  matrix 
flow.  As  the  ratio  q/Ks  decreases,  the  potential  for  moisture  absorption  by 
the  matrix  increases,  assuming  the  matrix  pores  can  drain  (i.e.,  assuming 
they  are  not  bounded  downstream  by  a  region  where  flux  exceeds  conductivity) . 

Because  local  heterogeneities  in  saturated  conductivity  can  result  in  a 
chaotic  distribution  of  regions  where  some  have  q/Ks  values  less  than  one  and 
others  have  q/Ks  values  greater  than  one,  particularly  where  flux  is  about 
equal  to  the  moan  of  the  probability  distribution  of  conductivity, 
transitions  may  occur  from  fracture  to  matrix  flow  along  any  given  path. 
Therefore,  a  sufficient  portion  of  every  flow  path  in  each  unit  is  sought 
where  q/Ks  is  less  than  one  in  freely  drained  conditions.   Given  satisfaction 
of  this  inequality,  seepage  velocity  can  be  assumed  to  equal  the  flux  divided 
by  the  effective  porosity  of  matrix  materials,  and  travel  time  to  equal  the 
flow  path  distance  divided  by  the  seepage  velocity.   By  allocating  a  required 
travel  time  (or  times)  to  each  unit,  a  combination  of  desired  flux,  effective 
porosity,  and  flow  distance  can  be  specified  that  cause  the  travel-time  goal 
to  be  met.   Further,  if  current  conservatively  estimated  values  for  effective 
porosity  and  flux  are  defined  as  the  desired  conditions,  then  a  minimum 
desired  thickness  of  matrix  flow  can  be  defined  for  each  unit.  This  process 
of  quantifying  desired  parameter  values  was  followed  to  define  the  values 
shown  in  the  performance  parameter  goal  column  of  Table  8.3.5.12-2, 
completing  the  performance  allocation  process  for  Issue  1.6. 
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The  values  set  as  goals  for  the  performance  parameters,  if  realized, 
would  establish  a  bounding  basis  for  concluding  with  reasonable  confidence 
that  travel  time  in  each  unit  would  exceed  1,000  yr.   However,  knowing  these 
goals  were  met  would  not  be  sufficient  to  calculate  a  cumulative  distribution 
of  travel  time,  especially  if  portions  of  some  paths  include  fracture  flow  or 
if  travel  time,  as  expected,  is  influenced  by  variability  of  the  parameters 
within  ranges  that  are  only  bounded  by  the  goals.  Therefore,  a  set  of  sup- 
porting performance  parameters  based  on  the  elements  of  the  general  flow 
equations  is  identified  in  the  next  section,  which  describes  Information  Need 
1.6.1.  (Section  8.3.5.12.1).   For  these  supporting  parameters,  no  quantita- 
tive goals  are  set;  rather,  goals  are  defined  in  terms  of  relative  confidence 
desired  in  the  properties  of  the  probability  distributions  of  the  parameters. 
As  a  result,  the  total  parameter  needs  for  resolving  this  issue  are  separated 
into  two  categories:  those  identified  here  (Table  8.3.5.12-1)  for  establish- 
ing bounds  on  the  travel  time  for  comparison  to  goals,  and  those  identified 
in  the  following  section  (Section  8.3.5.12.1)  for  developing  a  probabilistic 
performance  measure  expressed  as  a  cumulative  distribution  function  of  travel 
time. 

Interrelationships  of  information  needs 

The  question  raised  by  Issue  1.6  addresses  whether  the  regulation  for 
ground-water  travel  time,  10  CFR  60.113(a) (2),  can  be  satisfied  at  the  Yucca 
Mountain  site.   There  are  several  distinct  parts  to  the  issue  that  must  be 
resolved  to  answer  the  question.   The  distinct  parts,  expressed  as  questions, 
are  as  follows: 

1.  What  site  information,  design  concepts,  and  auxiliary  information 
are  needed  to  (a)  identify  the  fastest  path  of  likely  radionuclide 
travel  from  the  disturbed  zone  to  the  accessible  environment,  and 
(b)  determine  the  pre-waste-emplacement  ground-water  travel  time 
along  this  path? 

2.  What  calculational  models  of  the  hydrologic  system  will  be  used 
to  identify  the  fastest  flow  path(s)  and  predict  ground-water 
travel-time  distributions  along  this  path? 

3.  Based  on  the  selected  models,  where  is  the  fastest  path(s)  from 
the  disturbed  zone  to  the  accessible  environment,  and  what  are 
the  flow  characteristics  along  this  path? 

4.  What  is  the  cumulative  distribution  of  pre-waste-emplacement 
ground-water  travel  times  along  this  path(s)  based  upon  results 
of  simulations  using  the  calculational  models  and  any  other 
information  resulting  from  answering  the  preceding  questions? 

5.  Where  are  the  boundaries  of  the  disturbed  zone? 

Each  of  these  questions  has  been  designated  as  an  information  need. 
Questions  1,  2,  3,  4,  and  5  are  Information  Needs  1.6.1,  1.6.2,  1.6.3,  1.6.4, 
ind  1.6.5  (Sections  8.3.5.12.1  through  8.3.5.12.5),  respectively.   Informa- 
:ion  Need  1.6.1  summarizes  the  mathematical  basis  for  calculating  ground- 
water travel  time  and  the  associated  set  of  site  parameters  needed  to  resolve 
his  issue.   Included  in  Information  Need  1.6.1  is  an  indication  of  the 
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confidence  desired  for  each  parameter.  Note  that  the  required  parameters  and 
associated  confidence  levels  apply  to  statistical  moments  of  particular  prop- 
erties and  not  just  to  a  single  value  for  each  property.   Such  statistical 
information  will  allow  better  quantification  of  uncertainty  for  a  given  con- 
ceptual model  than  will  data  limited  to  expressions  of  confidence  in  a 
single,  target  value  for  a  given  property. 

Information  Need  1.6.2  (Section  8.3.5.12.2)  describes  the  planning  basis 
for  selecting  calculational  models  that  will  help  identify  flow  paths  and 
analyze  ground-water  travel  times  along  these  paths.  Direct  measurements  of 
ground-water  travel  time  for  demonstration  of  compliance  with  regulatory 
rules  are  not  feasible.   Therefore,  resolution  of  this  issue  requires  calcu- 
lational models  that  can  simulate  ground-water  flow  at  the  site  and  predict 
flow  paths  and  travel  times  from  the  disturbed  zone  to  the  accessible  envi- 
ronment. These  models  also  enable  sensitivity  analyses  to  be  performed;  such 
analyses  indicate  the  relative  importance  of  different  parameters  to 
travel-time  distributions  (values,  moments,  and  spatial  location) ,  so  that 
data  acquisition  plans  can  be  focused  in  an  iterative  process  on  parameters 
that  allow  the  greatest  reductions  in  quantifiable  uncertainty  about 
ground-water  travel  time.  The  calculational  models  will  be  used  to  identify 
likely  paths  of  radionuclide  travel  (Information  Need  1.6.3)  and  to  assess 
pre-waste-emplacement  ground-water  travel  time  along  these  paths  (Information 
Need  1.6.4).  Thus,  the  models  selected  under  Information  Need  1.6.2  are 
based  on  mathematical  concepts  addressed  in  Information  Need  1.6.1  that 
establish  the  parameters  needed  to  predict  ground-water  travel  time.  On  the 
other  hand,  the  confidence  desired  for  each  parameter  is  established  by 
interpreting  analyses  done  to  satisfy  Information  Needs  1.6.3  and  1.6.4. 

Information  Need  1.6.3  (Section  8.3.5.12.3)  addresses  a  basis  for 
determining  the  fastest  paths  of  likely  radionuclide  travel  for  both  matrix- 
and  fracture-dominated  modes  of  water  movement.  As  site  characterization 
proceeds,  new  data  will  be  analyzed  to  identify  the  likely  flow  paths. 
Ultimate  selection  of  flow  processes  and  paths  used  for  analysis  of  travel 
time  may  be  based,  in  part,  on  data  or  theories  that  are  inadequate  for 
unambiguous  estimation  of  a  probability  or  likelihood  of  occurrence  and  will 
require  the  judicial  use  of  expert  judgment  and  peer  review. 

Activities  under  Information  Need  1.6.4  (Section  8.3.5.12.4)  focus  on 
determining  pre-waste-emplacement  ground-water  travel  times  along  the  fastest 
path  of  radionuclide  travel.   Sensitivity  and  uncertainty  analyses  are  also 
performed  under  Information  Need  1.6.4  to  establish  the  effects  of  uncer- 
tainty in  parameter  values  and  conceptual  approaches  on  the  ultimate  confi- 
dence that  may  be  placed  in  the  predictions  of  travel  time.  Results  of  these 
prelicensing  studies  will  be  used  to  evaluate  the  sufficiency  of  the  data 
base  on  which  predictions  are  made,  thereby  identifying  the  proper  focus  of 
further  site  characterization  to  reduce  most  effectively  the  remaining 
sources  of  uncertainty  in  predictions  of  travel  time. 

Information  Need  1.6.5  (Section  8.3.5.12.5)  establishes  a  planning  basis 
for  determining  the  boundary  of  the  disturbed  zone.   The  current  plans  are 
based  in  part  on  the  general  guidance  given  by  the  NRC  (Gordon  et  al . ,  1986). 
Thermal,  mechanical,  geochemical,  and  hydrologic  analyses  will  be  used  to 
define  the  extent  of  disturbances  expected  from  repository  construction  and 
heat  generated  by  the  waste.   Because  Information  Need  1.6.5  is  fundamentally 
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different  from  the  previous  information  needs  in  this  issue  (in  that  the 
information  required  for  Information  Need  1.6.5  will  address  the  postemplace- 
ment  environment  and  will  not  be  used  directly  to  assess  ground-water  travel 
time),  it  is  treated  separately.   Information  Need  1.6.5  develops  its  own 
performance  measures  and  goals,  as  well  as  the  parameters  required  to  assess 
the  extent  of  repository-induced  disturbances. 

The  schedule  information  for  Issue  1.6  (ground-water  travel  time)  is 
presented  in  Section  8.3.5.12.6. 


8.3.5.12.1  Information  Need  1.6.1:   Site  information  and  design  concepts 
needed  to  identify  the  fastest  path  of  likely  radionuclide  travel 
and  to  calculate  the  ground-water  travel  time  along  that  path 

This  information  need  summarizes  the  parameter  needs  required  for  analy- 
ses to  be  performed  for  assessing  ground-water  travel  time.   The  information 
and  data  required  for  Information  Needs  1.6.2  through  1.6.4  (Sections 

8.3.5.12.2  through  8.3.5.12.4)  are  described  here.   Because  defining  the 
disturbed  zone  is  distinct  from  calculating  ground-water  travel  time,  the 
parameters  required  for  the  disturbed-zone  definition  are  addressed  in 
Information  Need  1.6.5  (Section  8.3.5.12.5).   The  parameter  needs  identified 
here  apply  only  to  pre-waste-emplacement  conditions. 

The  specific  parameters  requested  by  Issue  1.6  are  discussed  later  in 
the  logic  portion  of  this  section  and  will  provide  information  in  the 
following  four  categories  (Figure  8.3.5.12-8): 

1.  System  geometry. 

2.  Material  property  values. 

3.  Initial  and  boundary  conditions. 

4.  Model  validation. 

Information  is  required  from  each  of  these  categories  to  calculate 
ground-water  travel-time  values  in  Information  Need  1.6.4. 

The  specific  parameters  requested  here  (inner  circle,  Figure  8.3.5.12-8) 
rarely  correspond  to  parameters  directly  measured  in  the  field  or  laboratory 
(outer  circle,  Figure  8.3.5.12-8).  A  set  of  site  characterization  modeling 
activities  (middle  circle,  Figure  8.3.5.12-8)  is  required  to  reduce  the 
measured  data  to  the  parameters  amenable  for  direct  use  in  ground-water 
travel-time  calculations.   The  logic  that  establishes  how  the  actual  measure- 
ments are  used  to  produce  the  requested  parameters  is  provided  in  Sections 
8.3.1.2  (geohydrology)  and  8.3.1.4  (rock  characteristics). 

Crucial  information  required  by  this  issue  are  descriptions  of  the  con- 
ceptual models  and  associated  uncertainties  for  the  unsaturated-zone  and 
saturated-zone  flow  systems  at  the  site.   Though  no  specific  parameter  needs 
are  delineated  here  with  regard  to  the  validation  of  flow  models,  the  means 
by  which  the  flow  models  will  be  developed,  as  well  as  the  plans  that 
described  how  the  requested  specific  parameter  values  will  be  obtained,  are 
described  within  the  geohydrology  program  (Section  8.3.1.2)  and  rock 
characteristics  program  (Section  8.3.1.4). 

8.3.5.12-25 


DECEMBER  1988 


SITE 
CHARACTERIZATION 


MODEL-VALIDATION 
MEASUREMENTS 
(SECTION  8.3.1.2) 


INITIAL  &  BOUNDARY 

CONDITION 

MEASUREMENTS 

WSECTIONS  8.3.1.2  & 

8.3.1.4) 


fNitlAL  S 

BOUNDARY 

CONDITION 

DATA  REDUCTION 

MODELS 

(SECTION 

6.3.1.2) 


SITE 

CHARACTERIZATION 


NITIAL  AND 
BOUNDARY 
CONDITION 
PARAMETERS 
TABLE 
8.3.5.12-2) 


I 


CONCEPTUAL 

MODEL 

DEVELOPMENT 

(SECTION 

8.3.1.2) 


I 


NUMERICAL 

MODEL 

DEVELOPMENT 

(INFORMATION 

NEED  16.2) 


GROUND-WATER 

CALCULATIONS 

(INFORMATION 

NEEDS  1.6.3.   1.6.4) 

MODEL  VALIDATION 

(INFORMATION 

NEED   1.6.2) 


SYSTEM 

GEOMETRY 

PARAMETERS 

(TABLE 

8.3.5.12-2) 


1 


SYSTEM 

GEOMETRY 

DATA  REDUCTION 

MODELS 

(SECTION 

8.3.1.4) 


I 


SYSTEM  GEOMETRY 

MEASUREMENTS 

(SECTION 

8.3.1.4) 


Figure  8.3.5.12-8.  Schematic  flow  of  site  information  on  system  geometry,  material  properties,  initial  am 
boundary  conditions,  and  model  validation  through  data  reduction  modeling  (Programs  8.3  1.2  and  8.3.1.4)  i 
definition  of  performance  assessment  parameters  (Table  8.3.5.12-2)  for  use  in  ground-water  travel  time  calculation 
and  model  validation  (Information  Needs  1.6.2.  1  6.3,  and  1.6.4). 
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Detailed  plans  for  the  validation  of  the  conceptual  and  mathematical 
models  that  describe  the  unsaturated-zone  flow  systems  at  Yucca  Mountain  are 
currently  under  development.   The  general  approach  to  validation  of  these 
models  and  the  other  models  to  be  used  for  performance  assessment  is  pre- 
sented in  Section  8.3.5.20.2  (plans  for  verification  and  validation). 
Section  8.3.5.12.2.2  (verification  and  validation)  briefly  describes  the 
current  status  of  the  validation  process  to  be  used  for  the  conceptual  and 
mathematical  models  to  be  used  in  the  resolution  of  this  issue  (1.6)  and 
Issue  1.1  (total  system  performance). 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Chapter  3  summarizes  the  current  understanding  of  conceptual  models  of 
ground-water  flow  addressed  by  the  general  eguations  of  flow  discussed  here. 
Chapters  1  and  2  provide  the  current  data  on  the  geologic  and  rock  character- 
istics represented  by  parameters  in  the  eguations.  Data  on  the  thicknesses 
and  extents  of  stratigraphic  units  also  are  contained  in  Chapters  1  and  2. 
Structural  information  about  fracture  and  fault  characteristics  is  provided 
in  Chapter  1.  Data  on  porosity  are  in  Chapters  2  and  3,  and  data  on  permea- 
bility, saturation,  pressure,  and  water  table  elevations  are  in  Chapter  3. 

Parameters 

The  parameter  needs  established  for  this  information  need  are  identified 
in  Table  8.3.5.12-3.   In  general  these  parameters  will  be  obtained  from 
activities  discussed  in  Section  8.3.1.2. 

Logic 

Parameter  reguirements  cannot  be  made  without  using  some  conceptual 
model (s)  as  the  basis.  The  phenomena  relevant  to  predicting  ground-water 
travel  times  at  the  site  have  been  indicated  in  the  issue  resolution  strategy 
of  this  issue  and  are  more  fully  described  in  Section  3.9.   The  general  con- 
cept for  flow  in  the  saturated  zone  postulates  Darcian  flow  in  a  saturated, 
equivalent  porous  medium.   The  concept  for  flow  in  the  unsaturated  zone  pos- 
tulates near  steady-state  Darcian  flow,  with  the  possibility  of  flow  in  both 
the  matrix  and  fractures.  The  mathematical  equations  that  are  formulated  to 

■  iescribe  the  conceptual  flow  models  are  used  to  determine  what  parameter 
information  is  required.  A  significant  aspect  of  site  characterization  is 
:esting  the  validity  of  these  models.  The  models  will  be  periodically 

.  reevaluated  and  modified,  if  necessary,  in  light  of  the  results  of  this 

I'.esting. 
Ground-water  models  generally  are  based  on  one  or  move  governing 
;quations.  These  equations  generally  are  based  on  mathematical  statements 
'or  the  conservation  of  mass  and  momentum. 


8.3.5.12-27 


DECEMBER  1988 


§ 

■H 


CD 
> 
(0 
M 

U 
d) 
4-) 

ro 
3 

I 
T) 

C 

O 

u 


^ 


I 


IT) 

ro 

CO 

0) 

rH 

En 


U    3    4J    W 
0,     U     <TJ     3 


t> 

to 

T1 

•H 

0) 

0) 

u 

M 

in 

3 

-H 

■H 

(0 

i/i 

4-1 

fd 

(1) 

m 

0> 

T» 

4-1 

a 

o 

c 

T. 

.-H     O 

nj  -H 

•H    4-> 

-u   n> 

(0    o 

a.  o 

0)    K 
-t-J     4-1 


333333.C33 

•H     O    O  -H    O     O    tJ~H  --H 

at  a)  x   ai   (U 

s  s  s  s 


333333.C.C-C 
■HOO-HOOO»0»0* 
T>   _)   .->   T1    iJ   .J    H    H    H 

Qj  a>  ill 

s  s 


CM>CM>CM> 

rooairrjoaircjoai 

•   UQ    <1)UQ     WOO 


at   <u   at   a>   ai   ai   a>   ai   ai 
>>>>>>>>> 

at   ai   at   a>   at   at   at   a>   at 


I  >i  >|  >i  >i  >i  >,  >i 

Vi      Vj      14      Vi      Vi      Vi      u 

OOOOOOOOO 


4J    J_)     +J     *J 


y  *j  p  +j 


lOCiLOLOlOt/jlOiatO 
OOOOOOOOO 


V-ivjv-.v-.wviLV-iV-i 


Csl<NCNCNC\)CN<M(N04 
333333333 

coyiyiLOLOWWWto 
HHHf-iHHHHH 


Cl-i>Cl-i>CM> 
raotUTJoaimoa) 

(II  UQ    <V  O  Q    CD  O  Q 


>,>!>.>.>1>1>l>t>1 

Vj      V,      Vi      Vi      V-i      Vi      U      H      M 

OOOOOOOOO 

JJ4->4->4->4-)J->4->i->4-> 
■H  -H  -H  -H  H  -H  H  -r-t  -H 
loiotoioc/jioioiocn 
OOOOOOOOO 


VI   VI  Li   VI   V-l   Vl   Vl   Vt   U 

333333333 

OOOOOOOOO 


il*JVJUU*JUP*J 
-H  -H  -H  -H  -H  -H  -H  -H  -H 

ccccccccc 

333333333 
OOOOOOOOO 

Vl   V-l   M   Vl  U      V-l  M   V-l   V-i 

-o-d-d-d-a-d-d-a-o 
.C.C.C.C.C.C.C.C.C 

£££££££££ 
OOOOOOOOO 
rorrjrGnJnJflJfGfdro 

aia'aiavajajwaiav 


•H    O    O  -H    O    O  -- 1    O  -H 
•O^JJTIJJXIJT) 


333333.C33 
•H    O    O    H    O    O    CnH  -H 

•Oja-ojJ-H'O'O 
a>  a)  x  ai  a> 


roovunjoaiaJOCD 

<D   (J    O    <1)UC1     «OQ 


c  U  >  e 


>   c   u   > 


Q)    nj    O    <D    ft) 
aiuQoiUQOJUQ        ai 


Vl      Vl      Vl      Vl      Vl      Vl      Vl      V-l      Vl  Vl      H      Vl      Vl      V-l      V-l      V.      vi      Vl 


OOOOOOOOO 

UiVvJVJUvJvJiJvJ 


OOOOOOOOO 

UUVJUvJVJiliJi) 


to   to   to   n    to   to   en         locototoiot/it/jtow 


OOOOOOOOO 


Vl   VI   Vl   VI   Vl   V-l   Vl   VI 

333333333 

OOOOOOOOO 


c  c  c  c 

3  3  3  3 


OOOOOOOOO 


OOOOOOOOO 

frjfrjfOfOfrjfOrOTOrrj 
<btDtvtDtD<i)(l)tvtl> 


OOOOOOOOO 


Vl  v-i  vi  vi  K  V-l  V(  u     v, 

333333333 

OOOOOOOOO 

.-irHi-ir-{r4f-lr4i-tr-i 

at  a>  at  at  a)  at  at  ai  at 


ccccccccc 

333333333 

OOOOOOOOO 

u  vi  u  vi  n  Vi  Vi  u  V, 

•d-d-d-d-d-d-dri-d 
.c.c.c.c.c.cx:.c.c 

£££££££££ 
OOOOOOOOO 
nJrOffjflJfOnJrOfOnj 
(UtDtDCDtDtVtDfytl) 


Vj      V-i      M      Vl      V-l 


H      K      U      Vi      V-i      Vi 


Uv-tUt-JMMMM 


M    M    M    H 


rOrorOfOnJflJflilJrO  (tJfOnJfOrurtJronJfO  rorororanjrororon]  rOrOrOTJfOrOfflnJT) 


I      I      I      I      I      I      I      I      I 

u.   il.   vv.   a.   u.   cl,   a.   a.   a- 


NNrJMMV-iajajfg 
u  vi  jj   vi  vi  vJ 
333famroooo 

fOnjfOHMnoOO 

klbUiUiUilnBiVLa: 


i     I     I     I     I 

n-a-a-cua-ulixa.  o; 


N 


N     M 


3     3     3 


§    g    g 


|J   4J   4J    fJ 
333(fl*TJfOOUO 

majaJ^MMOOO 


I     I     i     i     i 

a;   a.   a.   a;   a.   a;   tt.   d.   a 


3  3  3  g  e  e 

4-)    4J    4-1     *->    4J     4J 
.-H.-I^H     U     O     U-i<-i<^<: 
333(TJf0fl3UUO 

iuu.[u[LiU-u.Q;ctii 


i     t     i     i 


i     i     i     i 


a.   1X1x0:0.0.0:0-0. 


N 


N    M    M     M 
3    3    3 


SI 


4_>    4J    4->    V>     4-> 

rH.-H.-t   u   u   o>:>; 

333n)0J(TJOU 
rflrOrOMMMOO 

u   ii-i   in    u.   [i,   iii   ii,   a. 


8.3.5.12-28 


DECEMBER  1988 


CD 

g 

•rH 
4-) 


> 

n 

4-> 

i-l 
CD 

4-1 
CO 

I 

T3 
C 

3 
O 
v-i 


JQ 

T) 

CD 
CO 

3 

co 

u 

CD 

4-> 
CD 

g 

u 
a 

CD 

o 

c 

g 
M 
O 
4-1 
l-> 
CD   — 

c   o 

•H 
4-> 

0 


o  oj  h  -o 

■h  u  a> 

4J  M  OJ  W 

O  3  4-1  10 


CM 


<D 

a,  Cr> 
a,  co 

3    CL, 


I 
CN 


IT) 
CO 

00 


o 

(0 

T- 

H 

(U 

'II 

4-J 

u 

M 

3 

H 

in 

V) 

--> 

m 

(D 

rO 

4J 

6 

0 

■a  jti-ot) 
at  tp  ai  ai 
£        £  £  £ 


33333333333 
O     O    O     O    O     H    O     H     H    O  -H 

J   JJiJ^T)    JUT)  Jfl 

ai        ai  tu        at 
£        £  £        £ 


C     L>     C     M     >  C>CU>CM>CU|> 

ra  tu  (D  o  ai        ratDnio<ua]o<D<doa> 
tu  a  a>  o  a        aiaaioaaiociaii'jcj 


U     kt     M     M     M 
O    O    O    O     O 


ooooooooooo 


■H  -H  -H 


iJ     (1     4J     U    il 


10     CO     10     10     10  lOtOlOtOtOtOtOlO 


o  o  o  o  o 


M     M     1-1     M     M 
3    3    3    3    3 

o  o  o  o  o 


c  c  c  c  c 

3    3    3    3    P 

O    O    O    O    O 

Ui     U     U     M     M 

■d-a-o-B  t) 
>1  >1  >,  >.  >1 
x:  .c  j=  j=  c 

x:  -c  -c  x:  x: 

u   o  u   u  u 

m  nj  in  i)  fl 

tu  ai  ai  ai  <d 


ooooooooooo 


33333333333 

OOOOOOOOOOO 


4-1  4-1  4J  4-1  i-i  -U  4  >  -t-i  4->  4-1  4J 
•  H  -H  -H  --H  -«H  -H  -H  -H  -H  -H  H 
CCCCCCCCCGG 
33333333333 

OOOOOOOOOOO 

vi  li  H  vi  Vi  n  v<  i,  v,  n  v, 

tjtjtjtjtjtitjtjtjtjtj 

x:.c.c.Gx;.c.c.cf,.c.c 
x:.cx;.cx:x;.c.c.c.c.c 

OOOOOOOOOOO 

nl'diQnininl'QiODnl'Q 

■  I)      I  J      .li      .]>      <(l        ;l      r  J  J      i  L  i      .1)      i|l      ill 


33333333333 

OOOOOHOOHOO 


•H   -H  O   — I     O 

TIT)  JD  J 

ai  a>  ai            a> 

£  £  £            £ 


C>GW>CH>CM> 

maidoajmoaimoai 
aiQaicjciaiociaioci 

£t7l£i7)c/j£l/lt/l£i/ito 


>1>1>1>1>1>1>1>»>1>1>I 


C    G    >    C    > 


C     >     G     M     > 


M      H      Vl      L-l      V-l      V-i      M 


O    O    O    O    O 

4->     4-1     4-1     4-1     4-1 
■H     H  -H  -H  -r4  -H     H    H    H     H     H 

loioiotototoiotoioioio 
OOOOOOOOOOO 

aaaaaaaaaaa 

tu   ci   ai   qi    0)   ai   Qi    hi   ai    ai    m 

Vl      M      l.      l.l      Vi      1 1      Vi      Vl      l|      V  1      I  | 

33333333333 

OOOOOOOOOOO 


ajrn0foa>        m  ai  n 

ai   ai  ci   ai  o        tn  ci   ai  o  a 

£  £  to  £  to       £  to  £  co  co 


O    O    O    O    O 


4-1  4-1  4-1  4-1 


10    to 

to  to  to 

o  o 

o   o  O 

o.  o. 

a-  a.  ex 

<v  a> 

ai  tu  ai 

M    M 

U    M    1-4 

3    3 

3    3    3 

4-1 

4-J 

O    O 

o  o  o 

•H 

■H 

.H   ^H 

•-<  — (  —1 

C 

t: 

tu  a) 

01    01    01 

3 

3 

ja  xi 

XI  .Q  XI 

■H  H  -H  -H  H  rH  -H  H  H  H  H 
OOOOOOOOOOO    OOOOO    OOOOO 


u   o  o   o   o 

•  H  H  ^  H  H 
t^  O1  O"1  C71  0> 
OOOOO 


c  c  c  c  c 

3    3    3    3    3 


klMUMMMUMMMM  MI-4MMM 


■a-a-d-OTj-OTJ-dTJ-o-cJ 
oooououuuuo 

ID     il)     d)     <U     0)     01     Q)     QI     Ql     Q)     (U 


T3  -o  tJ  tj  -d 

>i  >t  >1  >1  >1 

£££  ££ 

x:  j=:  x:  x:  js 

OOOOO 

TJ     nj     ro     ns    rfl 

a>  q>  a)  a)  qj 


M     U     U     U     U 

xt  tj  -d  -d  -d 
>.  >»  >i  >i  >i 

j=  x:  jz  jz  x: 

OOOOO 

<tj    rn    nj    TJ    fi3 

<u  a)  o  <ii  o> 


njtJ'OiTJrO  tJTJiTjriJriJfiliTJfOftJrrlrt)  ni'QTI'Tt'D'TlllflliTlTI'Q 

I       I       I       I       I       I       I       I       I       I       I 


i     i     i     i 


i     i     i     i     i 


.1.     li,     1 1.     1 1  .     i  ■.  1 1.,     I ).     .  t       t :       1 1.     .  i  .     ,■ .     i  r .     ...     11.     li. 


■Li     m     w     u     ^ 
n)    fri    Tj    nj    TJ 


■Tt  nj  ifl  nj    nj 

o>  qj  at  a)   ai 

M  t^     .Li  H     m 

hi  io  1)  ni    nj 

I  I      I      I      I 

fti  Cfc  OC  OL  OL 


c.    <:    v,    ..    i- 


«     CO 

cv   a> 

CCV)MV)V)I0V1 

OOaiTVaincov) 

N      M      " 


3    3    3 


nj    nj    hj    nj    nj    nj 

d  fc  e  g  e  d 


M     M     Ut     U 


r-i  — i   o   o   (}.«>;  m  j-:  j-:  j^ 

3    3    T)    nj    TJ    t)    ()    O    O    t>    O 

nJfOUt-iMO    OOOOO 

u.  u.  u.  u.  u.  ct  a:  ix:  a:  <x.  cc 


*  '      *  I      K      *  ' 


T)     TJ     TJ     nj     Oj     T] 

fi  i:  f  f4  n  n 


U  *  V  i<  ^  .«  M 

ft»     *t»  O  O  O  1  I  f  I  ' ) 

t<    u  ()  o  o  o  o  o 

t»,    U.  CC  OC  CC  CC  CC  PC 


n 

(;) 

ai 

1) 

r. 

c 

o 

<u  <u  a> 

nj    U    U    O    O 

i..  u.  u.  a;  oC 


-H   -H     (I     ()     t  i 
3     3     (TJ     <TJ     rfl 


3  b 


8.3.5.12-29 


DECEMBER   1988 


•H 
4J 


0) 
> 

m 

M 
4J 

u 
<u 
-U 

ft) 

I 

n 
c 

o 

M 


<X> 


co 
co 

M 

>1 

X) 

X5 
CD 
CO 

co 
M 
CD 
-U 
CD 


M 
CO 

a, 

0) 

o 
c 


M 

CD 

„ — . 

Cb^O 

tTHW 

C 

o 

•H 

4-> 

ro 

M 

O 

0) 

Cu 

tr 

a. 

<T3 

=i 

a, 

co 

■ — * 

co 

I 

CM 


m 

OO 


lJ 

M 

<V 

to 

o 

a 

+-» 

10 

(1) 

(> 

m 

3 

en 

E 

U 

0) 

p-J 

(0 

n. 

iJ 

H 

t  > 

0) 

10 

T1 

CO 

c 

<U 

I) 

01 

Tl 

a> 

ai 

+J 

M 

M 

CO 

3 

•H 

n 

-p 

ni 

0) 

m 

<u 

XJ 

OK   KI 


33333x:dax:33 

O    O    O     O    O    CTi  H     ^     Cu-H     H 
_!_}_).,->,_]     H"OT>     H-OTJ 

X    0J    0)   X    (P    (U 

2  2        2  2 


C     M     >     C     M     > 

ro   o   o>   ro   o   01 

(DUO     CO   U    Q 


C>CW|>CU|>CM> 

rooirootuioooiiooo1 

(U    Q     0)   CJ    Q     (1)  U  Q     (1JOQ 


>i  >.  >i  >i  >i  >* 
Xl    U     xi     U     U     Xi 

o  o  o  o  o  o 

XJ   XJ   XJ   xJ    x>   XJ 


ooooooooooo 

xJxJXJXJxJxJXJxJXJXJXJ 
•iH  -H  -H  -H  -H  -H  -H  -H  -H  -H  -H 
lO     10     10     10     CO     CO  tOlOtOtOlOtOlOtOtOlOlO 


o  o  o  o  o  o 


3    3    J    I    3    3 

o  o  o  o  o  o 


XJ     XJ     *->    -M     4-)  4-» 

-H  -H  -H  -H  -H  -H 

C    C     C     C    C  C 

3    3    3    3    3  3 

o  o  o  o  o  o 

M    t-t     U     U     M  M 

x>  -a  x)  -o  -a  -a 

>,>,>,>■>,>, 

££££££ 

x:  x:  x:  sz  x:  -C 

0  o  o  o  o  o 

ro    ro    ro    ro    10  ro 

01  dl    0)    0)    ^  31 


OOOOOOOOOOO 


XiXiXiXiXiwXiXiXiXiXi 

33333333333 

OOOOOOOOOOO 


XJxJXJXJxJxJXJxJXJXJXJ 
-H  -H  -H  -H  -H  H  H  -H  -H  -H  -H 
CCCCCCCCCCC 
33333333333 

OOOOOOOOOOO 

U  XI  l.  H  M  M  U  U  U  M  Xl 
XIT3-OXITJX)X)-OT3-OT3 
>i>i>i>i>..>,>,>,>>>i>, 

xix1i;xixi£j:x;xicri 
£C££££x:£xix:i: 

OOOOOOOOOOO 

'Onlnl'O'U'OiO'Q'ilnj'Q 
Co    oi    co    01    a)    a1    a1    oj    oj    ai    oj 


U     M     XJ     XJ    XJ     XI 


U    U     XJ    U    U     XJ     M 


n]     (Q     ^     Tl     (Q     <0  tOlOIOrotOIOroiOroiOro 

I       I       I       I       I       I  I       I       I       I       I       I       I       I       I       I       I 

a.   ai  a,   a.  a,   u.         ii.ct;i.ix,tf.iXo.cL.a.a.a. 


X 

X    X 

in   m 

fH 

•H 

■H  -H 

a.  a 

a) 

en 

to 

tn 

M 

M    U 

c  c 

•H 

(1) 

to 

01 

LI 

XJ 

XJ    XJ 

O   o 

0) 

a 

1 

6 

g 

e 

1 

i    § 

N    N 

*J 

♦j 

XJ    XJ 

2 

.* 

j< 

M 

^   K 

O 

o 

o 

o 

O    O 

3     3 

o 

o 

o 

o 

O    O 

m  (0 

a. 

A 

CE 

a. 

a:  a: 

U.    Cju 

a  §  1 1  § 


MUOOOOOO 


■H     O   'H     O     O     O   -H 

•O  J  T)  J  iJ  J  -o 


C     >     C     >     M     >     C 


(0    O    01 

mot) 

10    O    0) 

m  o> 

(B    CD 

O    0)    (0 

0)  O   Q 

«OQ 

d)   (J    Q 

oi  a 

oj  a 

UQ    « 

£  to  to 

2  to  to 

S  to  to 

S  to 

2  to 

to  to  2 

er&er    cT&i 


£T  &  lT  cr  cT  ET  & 

o  o  o  o  o  o  o 

iJ  U  il  lJ  tl  jJ  n 
•H  H  -H  H  -H  H  -H 
(0    (O    tO    (0    10    to    CO 

o  o  o  o  o  o  o 


M    kl    U    U    U    U     U 
3    2    3    3    »    2    3 

o  o  o  o  o  o  o 


JJ  *J  4J  JJ    4->  4J     *J 

■H  H  -H  -H   -H  -H   -H 

c  c  c  c   c  c   c 

3  3  O  3     3  3     3 

O  O  O  O    O  O    O 

U  M  M  M    U  U    U 


T-l 

T1 

•o 

T3 

■a 

■a 

X) 

a 

■o 

■o 

T3 

~o 

€ 

-a 

& 

•O 

>1 

>l 

>. 

>. 

>i 

>. 

>• 

>. 

>, 

>• 

>i 

>1 

>i 

>, 

> 

!>i 

x: 

XI 

X3 

J= 

X3 

XI 

J3 

x: 

JZJ 

x: 

XX 

xz 

x: 

x: 

x: 

a 

J3 

XI 

J3 

x: 

JC 

xl 

XX 

x% 

x: 

x; 

XX 

B 

J3 

H 

x: 

x: 

U 

o 

O 

o 

O 

O 

O 

o 

o 

o 

o 

o 

u 

u 

o 

o 

ro 

ro 

ro 

ro 

ro 

n) 

n) 

ro 

ID 

10 

ro 

10 

10 

ro 

ro 

ro 

eu 

a> 

01 

eu 

a> 

<u 

01 

0) 

OJ 

01 

01 

01 

CD 

a' 

0) 

0) 

t-j 

to 

M 

tq 

ro 

CO 

CO 

K) 

ts) 

CO 

to 

rx] 

bd 

to 

c^ 

frJJJ, 

Lt) 

D 

D 

D 

o 

D 

D 

D 

O 

D 

o 

D 

ID 

O 

D 

3 

ro 

ro 

ro 

IS 

ro 

ro 

in 

ro 

10 

10 

10 

ro 

10 

ro 

ro 

10 

0) 

o> 

01 

0) 

o> 

01 

01 

0) 

OI 

0> 

0' 

a> 

a' 

OJ 

CO 

0' 

n 

u 

M 

)V| 

kj 

u 

XI 

xt 

M 

M 

XJ 

u 

XI 

u 

M 

xi 

ro 

ro 

ro 

ID 

ro 

n 

m 

IV 

n> 

10 

10 

ro 

ro 

ro 

10 

10 

a.  a:  a-  a-  cC  a.  cc 


to   to 

en 

to   to 

CO 

oi   a> 

01 

01    01 

0) 

in   w   to 

c   c 

c: 

c  c 

c 

to   to   to 

o  o 

o 

o  o 

o 

4J     4->     -U 

3     3    3  JJ 


C  C  CO  m  U  M  M 

O  O  Q>  tt>  *J  4->  4-> 

n  n  u  u  m  fl  <g 

4J  4->  41  i-t 

^  ^  O  U  J^  M  M 

3  3  <T»  rfl  O  O  O 

m  HJ  M  M  O  O  O 

u.  it,  :..  in  a.  a.  ii 


UTJ  01 
-H  C  "0 
CL  3  -H 


3.5.12-30 


DECEMBER  1988 


O    CD  -H  T> 


4-J 

u 

V 

CO 

C  ) 

3 

Jj 

n 

01 

(} 

m 

■i 

w 

E 

o 

<]» 

■  H 

CO 

pu 

1-1 

JJ 

C  ) 

0) 

0] 

Tl 

w 

-C 

0) 

0 

n 

Tl 

(U 

(U 

k4 

u 

D] 

3 

•H 

CO 

10 

■*-» 

rfl 

0) 

ro 
u 

1 

a 

rsj  t£> 

«t  «<    ■    •  <  < 

Z  Z   *r  rH   Z   2 


ZZ*£>mzZtocozZt40roz 


ZZ*£>ZZcr»coZZ' 


J   JT)  X>  XI  X) 

cd        ai   ii        CD 
£         2   2         2 


2  2 


,J  x>  x> 
0)  a) 
2  2 


x)  J  x)  J  x)  x) 

a)        qj        <d   cd 

s      2      22 


J    3   S 

OHO 

_)  x)  J 


re  cd  hi  o  cd 
ai  a  ip  cj  o 
2  co  2        co  co 


re   cd   re 

CD   Q     CD 
2  co  2 


o  cd  ra 
co  co  2 


O    CD    re 
CJ   O    CD 

co  co  2 


C>CM>C  W     >    C 

it)    CD    re    O    CD    CO  OCDC0 

OJQ    OIUQ    «  CJ  O    CD 

2co2coco2  coco2 


e  e  e  e  b  e 


o 

o 

o 

o 

o 

o 

O 

■o 

cr> 

O 

O 

CD 

o 

o 

CD 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

CD 

O 

O 

O 

O 

o 

o 

o 

*-* 

rH 

'-, 

■H 

»-• 

I-* 

*-• 

•-* 

rH 

rH 

«-* 

*-» 

«-• 

rH 

rH 

•-* 

«-• 

*-• 

■-I 

*H 

rH 

tH 

u 

W4 

M 

M 

n 

M 

M 

M 

M 

n 

U 

M 

H 

M 

K 

M 

u 

M 

M 

M 

01 

<v 

0) 

0) 

a> 

a) 

ai 

Ql 

0) 

01 

tv 

Q> 

0) 

a> 

a> 

0) 

a> 

01 

01 

ai 

a) 

a. 

CL 

(X 

IX 

UL 

(X 

a 

a. 

CX 

a. 

IX 

IX 

D. 

D. 

ex 

ex 

a. 

a. 

a. 

a. 

Q. 

a* 

O. 

CX 

CX 

ex 

a. 

a. 

a. 

EX 

CX 

a. 

(X 

a 

U. 

(X 

CX 

a 

n. 

Q 

cx 

a 

3    3    3    3    3    3 

c  c  c  c  c  c 


+J  U  U  4-J  4->  4-> 

■H  -H  -H  -H  -H  -H 

C  C  C  C  C  C 

3  3  3  3  3  3 

O  O  O  O  O  O 


CD    CD    CD 

a,  a.  a, 

Cu  Q.  CX 


x; 

x: 

£ 

x: 

A 

J3 

13 

J3 

JS 

e 

43 

a 

43 

43 

J3 

/: 

a 

i: 

x; 

a 

a 

c 

x:  x: 

4J 

4-> 

4-) 

4-J 

4J 

4J 

4-» 

4-> 

*-> 

4-> 

4J 

4-» 

4J 

4J 

4-J 

4-< 

AJ 

4J 

4-» 

4J 

4J 

4J 

hU      4J 

■H 

-H 

■H 

H 

■H 

•H 

•H 

•H 

•H 

•rH 

-H 

H 

■H 

■H 

^ 

^ 

»H 

rH 

^ 

•-f 

^ 

rH 

rH 

rH 

^-* 

rH 

rH 

^ 

•—1 

rH 

rH 

H 

H 

^ 

rH 

<H    H 

J3 

x: 

J3 

x: 

c 

C 

43 

.c 

£ 

J3 

-C 

x: 

jr. 

a 

rC 

x: 

-t: 

t- 

J3 

x: 

x; 

d 

x:  x: 

o 

cj 

U 

o 

CJ 

O 

O 

O 

CJ 

O 

o 

o 

O 

o 

O 

o 

o 

CJ 

0 

o 

o 

u 

u  u 

It 

re 

re 

a 

re 

re 

ID 

re 

ID 

re 

re 

re 

re 

re 

rt) 

re 

re 

re 

re 

re 

re 

(Tl 

1)     *TJ 

CD 

CD 

CD 

0J 

CD 

CD 

a 

CD 

CD 

CD 

CD 

CD 

oi 

CD 

GJ 

CD 

CD 

OJ 

CD 

CD 

CD 

a> 

a>  a> 

M 

i  j 

rJ 

t  ] 

rj 

t  ] 

r] 

M 

t>3 

[J 

C-0 

N 

1 1 

t-0 

M 

W 

M 

M 

r  ] 

CJ 

Cs3 

M 

N  M 

to 

CO 

CO 

1*0 

C/J 

to 

CO 

I/) 

CO 

CO 

t/J 

CO 

to 

E0 

V) 

CO 

to 

to 

to 

to 

cq 

ut 

to  CO 

a 

a 

re 

nj 

>a 

re 

re 

re 

re 

re 

re 

re 

re 

re 

TO 

re 

re 

re 

re 

re 

re 

m 

a)    *0 

0) 

0J 

CD 

ai 

CD 

ai 

0J 

oi 

01 

01 

oi 

0) 

oi 

oi 

0) 

<v 

oi 

0' 

01 

01 

01 

al 

(D    ai 

u 

IH 

u 

u 

u 

u 

u 

M 

u 

u 

u 

M 

M 

u 

U 

u 

kl 

u 

u 

u 

M 

»-. 

M     Ut 

ig 

re 

re 

ig 

re 

It 

rO 

re 

re 

re 

re 

re 

re 

re 

nj 

re 

re 

re 

re 

re 

re 

■ 

rr»    rO 

U 

CJ 

CJ 

(j 

c_> 

CJ 

o 

(J 

u 

CJ 

CJ 

u 

O 

o 

O 

O 

O 

I  - 

CJ 

CJ 

O 

u 

l_>  U 

CO 

to 

X 

X 

X 

CO 

<n 

X 

X 

VI 

re 

M 

CD 

o> 

-H 

•H 

•H 

01 

0i 

-H 

■H 

CD 

0J 

■H 

C 

c 

M 

M 

c 

C 

n 

m 

•si 

yj 

(^ 

to 

M 

W 

C 

c: 

to 

re 

to 

to 

to 

CO     U 

0 

O 

4J 

«J 

4J 

o 

') 

CD 

a* 

Oi 

m 

to 

to 

4J 

*J 

o 

o 

0' 

0' 

0i 

to 

to 

tO    tJ 

N 

N 

11 

§§ 

M 

N 

3 

3 

k-J 

9 

9 

a 

9 

9 

a 

N 

N 

3 

3 

3 

9 

1  § 

4-1 

*J 

4J 

4J 

4J 

4J 

i  > 

4J 

4J 

*J 

44 

rH 

!.: 

>; 

M 

rH 

CJ 

U 

'i 

v 

M 

■-- 

V 

-V 

f-i 

Ii 

CJ 

ii 

V 

M 

■V  J< 

:> 

3 

U 

u 

U 

3 

J 

re 

re 

re 

U 

O 

u 

(.1 

CJ 

:i 

3 

re 

re 

re 

y 

U 

u  u 

(TJ    *TJ     M     U     U    O 

u*  Uh  u*  nt. 


x:   c        u 


8.3.5.12-31 


DECEMBER  1988 


0) 

> 
en 
u 

•4-J 
U 

CD 

J_> 

(0 

I 

c 

O 

M 


m 

rH 
IT) 
CO 
OO 
0) 

rH 
XI 

rd 


4-1     Ul     <U     CO 
U      3     4-»      OT 


0) 

o 

m 

S 

CO 

B 

u 

ct> 

A 

n 

a* 

u 

4-> 

U 

a> 

if) 

■o 

■H     10     CO 


4J      A3 

a*  o 


3  H  -H 

<<<<<<<<<<<     O    <    rtl   T>    <   T> 


»-)    CTi 


■H     O     H     O     H   -H     O   -H   -H     O     H   -H     O     H     H     H     H  CP   t7» 

0)  a.'  (DO)  0)0)  0)0)  0)0)0)0)  :i:    — 

s      s      ss      ss      ss      ssss 


ru   o) 

0)  Q 


c>au>cu>cu>cu>cu> 

n30)fOOO)fOOO)nJOO)fOOO)a300) 
0)Q     Q)OQ     0)OO     (DOQ    0)OQ    0)UQ 

2w2ww2y)U)2wwEww2ww 


&Eri 


eeoooeeeoooeeEeee 

4-)    4J    4->  4J    U    4J 

O  O  H  H  -H  O  O  O  H  H  H  CD  O  O  O  O  O 
O  O  10  CO  10OOO  CO  CO  cooooooo 
t-t    r~i     OOOrHrHrH      O     O     O    •"<    fH    i-H    »-H    t-H    i-H 

Q,   Q,   Q,  H    Q.   Q. 

k4U0)a)0)MMM0)0)0)t-(MMMt-lt-l 
0)(l>t-lt^>-(0)0)0)ML-lMO)0)0)0)0)0) 

ij,     U,  CLCXCX  0(    Pi    Pi    Pi    0.    Pi 

cu  a,  2   s   3   a  d.  a  3    3   3   a  a  o.  a  a  a 

33000333000333333 

HHH  •-(   rH   ^ 

C    G    C    G 


c  c  c  c  c  c 

3    3    3    3    3    3 


.u  A 

^ 

CO    nj 

4J    4J 

►J, 

u 

M    M 

Q 

01    OI 

Q 

4J    4J 

2 

ra   ra 

2    3 

w    v 

N   C-J 

10  CO 

ooooooooooooooooo 
xx  a   M  u   n  .c  .c  .c  u.  m  w  .c  .e  .c  x:  x:  .c 

4->4J*OT5'd4-»-U+J'CJ"0'd4J4-)4-»4J4-»-U 
•H-H    >,  >,  >,-H  -H-H     >,  >,  >,H     H     H  -H  -H     H 

UOOOUOUOUOUCJOUCJUO 

a>   at   at   at   a>   a>   at   at   at   o>   oj   at   at   at   a>   at   at 


^    m    m    u    u    kl    u. 


rarartjrarararanJrararararara'v 

I     I     I     I     I     I     l     I     I     I     I     I     I     I     I     I     I 


c  c  c  c  c 
o  o  o  o  o 


^H 

•H 

a 

M 

±J   o 

•a 

■H 

01 

O  J3 

4-1 

T>    4J 

4-» 

*J 

•H 

4J     H 

^H 

•H 

3 

C  ^H 

3 

3 

tr 

O 

10 

ra 

< 

U 

U. 

i- 

TO    ro 


333333EjEiEI 

.1     '        1    '       J     '        4     '         .    '        i    ■         J     '       4J       4J 

-H  M   ^H    O    O    O    O    CJ    L>  M   M  M 

333nJrtj(Ofl3rorflOOO 
njfOTOUMMMUMOOO 

u,   u,   k   in   u-   u,   u.   [i.   u.   a.    n    a; 


33 

J3  J3 


U    O 

a)  a) 


rtJfflnJ'OTlfl'OfOITJfOnJ'flfO'OrcJ'TJTJ 

at  at  at  at  at  at  at  at  at  at  at  at  at  at  at  a'  at 


0)  0) 

at  q 


■H  -H 

Eu 

o  o 

10    (0 

o  o 

O    O 

Eh 

a  a 

O 

a>  at 

u  u 

M    wj 

Z 

0)     0> 

o 

o.  a 

3    3 

h-l 

a.  a. 

O    O 

H 

3    3 

r-i     rH 

a 

01     0) 

C    C 

XI  XI 

B 

-H  -H 

x: 

J= 

jj 

Jj 

■H 

■H 

^H 

^H 

r: 

c 

( > 

(> 

m 

ra 

(V 

Mi 

^ 

^ 

to 

tq 

CO 

U1 

3.5.12-32 


DECEMBER  1988 


e 

-rH 
-P 


> 
CO 

M 

4-> 

M 
0) 

■p 

s 

C 

O 
U 


T3 
0J 
CO 

D 

co 
M 

OJ 

4-) 
OJ 
§ 
(TJ 
M 

m 
a, 

a) 
o 

a 

(TJ 

E 
M 

O 
4-1 

M 

Om-i 

c  o 

•H 

-U  <£> 
U 

O    OJ 
Cl,  Cn 

a,  m 

CO  — 


I 

C\| 


IT) 
ro 
oo 
<D 
XI 


O  01  -H  T3 

■h  n  01 

4_>  ui  a*  to 

u  3  *->  en 


01 

(1 

re 

to 

01 

3 

CU 

u 

jj 

( ) 

a) 

(0 

C/l 

.e 

0. 

■  h  to  to 

±j  re  a) 

re  oi  x) 

u  E 


*->  re 
re  o 
a.  o 


_i  *q  -a  .j 


•H    O    O 

•a  j  ^i 


3    3    3    3X33 


3    3    3    3    3    3    3 


c   >   c   >  c  u   > 

re  oi  re  oi  re  o  ot 

01   Q    Ol    Q  01  U   Q 

XWIM  J  WW 


O   O   g   6   o   o   o 


C>G>CME>CM>  CC>CCM> 

reoireoireooireooi        re  re  01  re  re  o  01 

OIQOIQOIUQOIUQ  01    01   Q     Ol    01   O   Q 


ggooseeooo 


4-1     *J 


4-1     *J     4-» 


.^ 

■  H 

<-l 

O 

H 

•H 

.h 

to 

OT 

o 

CO 

01 

(0 

(0 

() 

() 

<) 

O 

(1 

IJ. 

M 

(1. 

[1 

o. 

OI 

(11 

M 

M 

01 

01 

Ol 

M 

M 

01 

o 

01 

a 

M 

1-1 

M 

» 

3 

u. 

o. 

3 

3 

3 

o 

<) 

3 

3 

O 

() 

O 

H 

-H 

01 

01 

c 

C 

01 

ill 

<U 

AJ 

JJ 

■H 

■H 

il 

a 

ii 

4J     4-J     4J  4J  4-J     J-I     4-» 

•H   -H  -H  -H  -H   -H   -H 

C     C     C  C  C     C     C 

3    3     3  3  3     3    3 

O    O    O  O  O    O    O 

U     U    XZ  XZ  M     M     H 

TJ  "O    U  *J  T3  TJ   TJ 

>,   >,-H  -H  >i   >i   >i 

£££££££ 

O    O    O  tj  (J    o    o 

TJ    TJ    tJ  TJ  T)    TJ    TJ 

(JJ     OJ    OJ  OJ  (JJ    OJ    OJ 


O   O   -H   -H   O   O   O   - 

oototoooocoioco 

iHi-lOOr-i.-lfHOOO 

CX  CX  O.  O.   0. 

MridiDMtikiaiaiO) 

OJOJt-ll-iOJOJOJMMM 

a  q.  a  a.  ex 

ex  ex  3  3  aaa  s   3   3 

3300333000 


4J4-J4-.4-t4J4J4J4-f4-»4J 
-H  -H  -H  H  -H  -H  -H  H  H  ---I 
CCCCCCGCCG 
3333333333 

OOOOOOOOOO 

xz  xz  U  U  XZ  £2  XZ  u  u  u 
iJ+JTJTJUiJ4JTJTJTJ 
■H     H     >i  >i-H    H     H    >i  >i  >i 

(jocjooocjcjuo 

TjTJTJTjTjTJfTjTJTlTJ 


>, 

>i 

>i 

>1 

L? 

Li 

H 

W. 

n 

6 

o 

O    R 

o 

o 

o 

4-1 

4-1 

4J 

u 

4-1 

:  > 

H   O 

•H 

•H 

•H 

D 

10 

10   O 

to 

to 

!/) 

o 

O    rH 

o 

(> 

(> 

u. 

a. 

u. 

U. 

u. 

M 

a> 

01    M 

01 

01 

Ol 

<y  M  H  0)     W  U  M 

(X  D. 

CL  3  3  tX  3  3  3 

3  O  O  3    O  O  O 


c  a  a  a  c  c  c 

3  3  3  X  71    3  3 

O  O  O  O  O    O  O 

jz:  u  u  xz,  u   u  u 

4-)  xJ  x)  4->  x3  tj  -a 

■H  >i  >i-H  >i   >i   >, 

^-h  x:  xz  rH  x:  x:  x: 

XZ  XZ  XZ  XZ  XZ  XZ  xz 

o  u  u  u  u   u  o 

fD  ni  nj  ft)  tj   fO  tj 

OJ  <D  Qj  (JJ  oj    (jj  (jj 


M     1h     U     M     M 


M      l_,      K      U     U 


Vi      W      l(      il      ii      h      i  i 


ajinnjfOnjnJnj         rtin)fllfOi)nirdn)n)n}         f0   ft)   ti   <u   t)  (D   tj 
i     i     i     i     i     i     i 
a:  oi  u  U  a:  a:  a; 


i     i     i     i     i     i 

uuoioiuuui-oiri: 


i     i     i     i     i     i     i 

'  i  (l,  (i.  <  >  u.  ii.  (i. 


c   c    >    c   c  u    > 

ftt    fO    <D    (TJ     (TJ  O    OJ 

OJ    OJ   Q     OJ     OJ  O    Q 

22WE2  low 


u    Li         U.    o   v-i 
O    O    £    O   j->    O 


O  U)  W  O  CO  o  w 

rH  O  O  --*  O  O.  O 

D,  tX  CX  to  CX 

U  OJ  OJ  M  OJ  OJ  OJ 

OJ  U  U  OJ  M  M  t-l 

CX  (X 

CX  3  3  CX  3  3  3 

3  O  O  3  O  O  O 


*J  iJ  U  *J  *J  4J  4J 

-.H  H  -H  H  H  -H  -H 

c  a  c  c  a  a  c 

3  3  3  3  3  3  3 

O  O  O  O  O  O  O 

XZ  -H  M  x;  M  u  u 

iJ  T)  TJ  *J  TJ  TJ  T) 

■H  >i   >i   H  >!>.>, 

r-t  x:  x:  -h  x:  x:  x: 

x:  xz  xz  xz  xz  xz  xz 

o  o  o  u  o  u  u 

rO  TJ  nj  nJ  fO  nj  fO 

OJ  OJ  OJ  OJ  OJ  OJ  OJ 


U  U  U  U  U  U  M 

ID  TJ  TJ  TJ  <TJ  TJ  TJ 

I  I       I  I       I       I       I 

o  oc  cc  o  <x.  a:  a: 


CO 

CO 

m 

CO 

CO 

CO 

to 

CO 

CO 

to 

CO 

CO 

OJ 

OJ 

OJ 

OJ 

0 

OJ 

a' 

a> 

a> 

OJ 

a' 

a< 

c 

c 

n 

CO 

CO 

CO 

CO 

c 

C 

C 

c 

n 

CO 

en 

to 

to 

(0 

c 

c 

t: 

CO 

n 

CO 

to 

c 

C 

c 

CO 

D1 

n 

n 

O 

o 

OJ 

OJ 

cV 

OJ 

0) 

o 

o 

0 

o 

01 

OJ 

<U 

OJ 

OJ 

OJ 

o 

o 

0 

T 

ai 

« 

OJ 

o 

0 

o 

Oi 

Oi 

OJ 

OJ 

n 

u 

u 

M 

N 

N 

N 

tM 

u 

u 

u 

t-l 

Vi 

U 

M 

V4 

M 

N 

14 

N 

U 

ii 

1-4 

M 

3 

Z3 

3 

p 

3 

^J 

1 

3 

3 

9 

3 

3 

3 

3 

3 

3 

3 

3 

:i 

4-* 

*J 

4-i 

4-> 

iJ 

4-> 

4-> 

*J 

*J 

*J 

Jj 

4-1 

4-» 

4-> 

4-* 

4-1 

4-> 

4-1 

4-1 

4J 

*-- 

U 

4-1 

4-1 

4-> 

4-4 

4-> 

4J 

o 

O 

o 

o 

U 

-H 

o 

u 

U 

IJ 

U 

U 

CJ 

CJ 

CJ 

U 

»-H 

—4. 

O 

u 

CJ 

(J 

3 

3 

TJ 

TO 

ra 

TJ 

id 

3 

3 

3 

3 

id 

m 

id 

id 

id 

ra 

3 

fl 

3 

id 

ft) 

m 

aj 

3 

3 

3 

m 

m 

rtl 

rt) 

TJ 

ft) 

M 

t-l 

M 

u 

ia 

id 

id 

id 

V-i 

WJ 

V-l 

u 

u 

u 

id 

id 

■d 

M 

u 

M 

OJ 

m 

TJ 

M 

M 

M 

U 

u. 

C-M 

tx 

u* 

Cm 

Cm 

u* 

Cm 

Cm 

Cm 

Cm 

u- 

u. 

Cm 

(... 

Cm 

Cm 

Cm 

i.. 

Cm 

Cm 

Cm 

u. 

Cm 

Cm 

Cm 

Cm 

[m 

Cm 

i.. 

u. 

t?   u 


01  rH         V 


VI 

•n 

re 

01 

T) 

R 

i: 

re 

4J 

01 

to 

ti 

11 

id  -h 

OJ 

t)     TJ 

4  ' 

m 

(7>   4-< 

M 

o  id 

3 

-H   ex 

i  > 

O     CO 

re  M 

to  TJ 


H     JC    C   C 


3.5.12-33 


DECEMBER  1988 

The  governing  equation  of  three-dimensional  flow  in  saturated  porous 
media  is  generally  expressed  as  follows: 

ah 

Sf— -  V.(A'V/i)  +  Q  =  0  (8.3.5.12-1) 

where 

S,  =   specific  storage 

h  =   piezometric  head 

K  =  hydraulic  conductivity 

Q  =   volumetric  discharge 

t  =  time 

V   =  differential  operator)—,—,— 

\ox    oy    oz 

For  steady  or  nearly  steady  flow,  the  storage  term  can  be  neglected. 

Flow  in  unsaturated  porous  media  is  generally  expressed  by  variants  of 
Richards'  equation.   The  model  for  liquid  water  flow  in  unsaturated  fractured 
porous  media,  as  described  in  Section  3.9,  can  be  formulated  by  an  equation 
derived  from  a  version  of  Richards'  equation  written  for  both  the  matrix  and 
fracture  systems  and  by  assuming  that,  in  a  near-equilibrium  condition,  the 
pressure  head  in  the  fractures  and  the  matrix  is  locally  in  equilibrium. 
This  can  be  written  in  the  form 

V.[(Fm(V)  +  A/(^))V(v  +  z)J  =  F^j+Q  (8.3.5.12-2) 

where 

Km(xl))     =  the  relative  hydraulic  conductivity  for  the  unsaturated  matrix 
system 

Kf{i>)     =  the  relative  hydraulic  conductivity  for  the  unsaturated  fracture 
system 

rp       =  pressure  head 

2        =  elevation  head 

Q        =   sink/source  term 


3.5.12-34 


DECEMBER  1988 

and  F  involves  the  specific  moisture  capacity  of  matrix  and  fractures  and 
the  compressibility  of  water,  the  bulk  rock,  and  the  fracture  system 
(Klavetter  and  Peters,  1986) . 

Once  the  pressure  head  distribution  is  established,  seepage  velocities 
(r)  can  be  determined  by 


—mm 


(8.3.5.12-3) 


and  ground-water  travel  time  (GWTT)  by 


GWTT=-  (8.3.5.12-4) 

V 

where  h   is  total  head  defined  by  an  elevation  head  component,  •*,  and  a 
pressure  head  component,  i/>,    I    is  length  along  the  head  gradient,  D  is  the 
flowpath  length,  and  nt   is  effective  porosity. 

K  or  A'U''),  hydraulic  conductivity  is  an  empirical  parameter  that  depends 
on  properties  of  both  the  moving  fluid  and  transmitting  medium  (i.e.,  on  both 
water  and  rock  properties) .  K   may  be  more  fundamentally  expressed  as 

#  =  —  (8.3.5.12-5) 

where  k,   permeability,  is  a  property  of  the  rock  (and  moisture  content  in 
unsaturated  material) ;  g   is  the  acceleration  due  to  gravity;  and  v, 
viscosity,  and  p,   density,  are  properties  of  the  fluid  that  depend  on 
temperature  and  on  chemical  species  present.  Assuming  little  effect  of 
chemistry  on  p   and  n,    in  situ  temperatures  and  intrinsic  permeability  are  the 
parameters  needed  to  derive  K.     In  unsaturated  materials,  the  value  of  /f(t/>) 
depends  on  moisture  content  and  may  differ  (for  transient  behavior)  depending 
Dn  whether  the  material  is  becoming  wetter  (^  increasing)  or  drier  [i<  de- 
ceasing) .  This  moisture  dependency  will  be  accounted  for  in  modeling  of  the 
ansaturated  zone  (8.3.1.2.2). 

Effective  porosity  is  used  here  as  a  measure  of  the  volume  of  space 
:hrough  which  flow  occurs.   In  the  unsaturated  zone,  this  property  is  taken 
:o  be  the  in  situ  moisture  content  less  the  residual  moisture  content.  As 
inderstanding  of  unsaturated  flow  evolves,  this  definition  may  need  to  be 
modified  to  account  for  porous  channeling  or  other  phenomena. 

Equations  8.3.5.12-1  through  8.3.5.12-5  are  judged,  based  on  the  current 
inderstanding  of  the  conceptual  models  of  flow  at  the  site  (as  described  in 
•hapter  3) ,  to  be  a  suitable  basis  for  generally  describing  the  flow 
>henomena  present  in  the  saturated  and  unsaturated  zones.   These  equations 
lefine  the  basic  set  of  material-property  parameters  that  must  be  available 
o  calculate  ground-water  travel  time  and  therefore  resolve  this  issue. 
■dditional  information  required  to  solve  Equations  8.3.5.12-1  through 
•3.5.12-5  include  the  description  of  the  system  geometry  (for  both  the 
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saturated  and  unsaturated  zones  within  the  controlled  area)  and  initial  and 
boundary  conditions  for  the  models. 

Parameters  requested  in  Table  8.3.5.12-3  are  divided  into  the  four 
categories  previously  discussed:  (1)  system  geometry,  (2)  material  property 
values,  (3)  initial  and  boundary  conditions,  and  (4)  model  validation.  As 
described  earlier,  information  is  required  from  the  first  three  categories  to 
provide  specific  input  for  the  solution  of  the  general  equations  for  ground- 
water travel  time.   To  determine  if  those  mathematical  equations  provide  an 
adequate  formulation  for  the  calculation  of  ground-water  travel  time, 
information  relevant  to  the  fourth  category,  model  validation,  is  also 
required. 

Under  each  of  the  four  categories  in  Table  8.3.5.12-3,  specific  param- 
eters are  requested  for  several  distinct  types  of  models.   The  parameters  may 
be  used  primarily  in  direct  calculations  of  the  ground-water  travel  times  in 
the  unsaturated  zone  or  the  saturated  zone;  they  may  be  used  primarily  in 
models  to  derive  hydrologic  properties  of  fractures,  or  they  may  be  used 
primarily  in  models  to  define  the  basic  spatial  correlation  structure  of  the 
rock  mass.   Table  8.3.5.12-3  is  subdivided  to  show  which  parameters  are  used 
in  each  of  these  broad  types  of  models. 

The  second  column  in  the  table,  material  type,  indicates  whether  infor- 
mation on  the  requested  parameter  is  required  about  their  distributions  in 
the  rock  matrix,  in  distributed  fracture  networks,  as  characteristics  of  a 
sufficiently  large  volume  of  rock  (rock  mass),  or  in  fault  zones.  The  third 
column,  spatial  location,  indicates  whether  information  is  needed  for  the 
requested  parameter  in  the  repository  area  or  the  entire  controlled  area. 
The  fourth  column  in  the  table,  stratigraphic  unit,  indicates  where  in  the 
vertical  dimension  that  information  is  needed.   In  the  unsaturated  zone, 
because  this  issue  is  concerned  primarily  with  downward  water  movement,  most 
of  the  information  is  requested  only  for  those  units  at  the  repository  level 
or  below.   However,  it  is  recognized  that  similar  information  may  be  required 
for  units  above  the  repository  level  (Investigation  8.3.1.2.2)  in  order  to 
infer  some  of  the  parameters  requested  in  Table  8.3.5.12-3,  such  as  perco- 
lation flux. 

The  fifth  and  sixth  columns  indicate,  respectively,  the  statistical 
measures  desired  and  confidence  level  set  for  each  requested  parameter.  The 
measure  desired  is  either  one  of  the  first  two  statistical  moments  (mean  and 
standard  deviation)  for  the  parameter  or  the  spatial  correlation  coefficient. 
The  confidence  level  (low,  medium,  or  high)  indicates  the  relative  confidence 
required  in  the  parameter  of  interest,  with  a  confidence  level  of  high  also 
indicating  that  the  parameter  value  is  of  high  priority,  medium  indicating  a 
medium  priority  item,  and  low  indicating  a  low  priority  item.  These  confi- 
dence levels  are  based  on  professional  judgments  about  the  relative  impor- 
tance of  the  various  parameters  and  are  not  meant  to  imply  any  quantitative 
definition.   The  confidence  levels  indicate  the  desired  confidence  for  the 
location-dependent  mean,  standard  deviation,  and  spatial  correlation.   For 
example,  if  the  "true"  standard  deviation  is  large  and  the  desired  confidence 
in  the  standard  deviation  is  high,  sufficient  samples  must  be  measured  to 
show  high  confidence  that  the  standard  deviation  of  the  sample  population  is 
a  good  approximation  of  the  "real"  variance  of  the  parameter  of  interest. 
Also,  the  location-dependent  requirements  indicate  a  desire  to  define  any 
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spatial  drift  in  population  statistics  for  each  parameter  and  implies  an 
analysis  and  removal  of  drift  during  data  reduction. 

Generally,  for  the  unsaturated  zone,  higher  confidence  is  requested  for 
matrix  properties  than  for  properties  of  fractures,  faults,  or  the  rock  mass. 
This  reflects  current  judgments  that  matrix  flow  dominates  in  the  unsaturated 
zone.   The  relative  confidence  levels  are  also  based,  in  part,  on  the 
estimated  feasibility  of  obtaining  reliable  information  for  each  of  the 
parameters. 

The  seventh  and  eighth  columns  in  Table  8.3.5.12-3  identify  the  section 
in  the  SCP  where  current  values  for  each  of  the  identified  parameters  are 
discussed  and  the  current  confidence  that  the  Yucca  Mountain  Project  has  for 
each  parameter. 

Table  8.3.5.12-3  lists  those  site  parameters  considered  necessary  to 
support  resolution  of  this  issue.   In  general,  values  for  parameters  listed 
in  the  table  under  the  categories  of  material  properties  and  initial  and 
boundary  conditions  will  provide  the  direct  input  necessary  to  calculate 
ground-water  travel  times  from  the  mathematical  formulations  represented  by 
Equations  8.3.5.12-1  through  8.3.5.12-5.   However,  some  parameters  in  those 
equations  are  not  requested  by  Table  8.3.5.12-3.   For  example,  the  viscosity 
and  density  of  water  and  the  value  of  the  acceleration  due  to  gravity  were 
not  requested  because  they  can  be  readily  obtained  from  scientific  handbooks. 
The  specific  storage  parameter  in  the  first  term  on  the  left-hand  side  of 
Equation  8.3.5.12-1,  which  represents  responses  to  transient,  stressed 
conditions,  is  not  requested  because  pre-waste-emplacement  travel  times  will 
be  calculated  under  steady  or  near  steady  conditions.  Also,  the  parameter 
in  Equation  8.3.5.12-2,  representing  the  specific  moisture  capacity  of  the 
rock  and  compressibilities  of  fluid  and  rock,  is  not  requested  because  it  can 
be  derived  from  values  from  a  combination  of  the  requested  moisture  retention 
curves  and  from  values  from  literature  sources. 

The  parameters  in  Table  8.3.5.12-3  related  to  fracture  geometry  in  the 
unsaturated  zone  will  be  required  if  evaluation  of  flow  in  fractures  is 
required.  Values  of  these  parameters  for  unsaturated  units  will  be  used  to 
infer  the  hydrologic  properties  of  fractures  including  relative  permeability 
and  associated  effective  porosity,  perhaps  in  the  manner  of  Wang  and 
Narasimhan  (1986),  only  if  fracture  flow  below  the  disturbed  zone  is 
sufficiently  widespread  or  probable  to  warrant  analysis.   Similarly,  bulk 
density  is  listed  as  a  contingency  for  preserving  the  option  to  consider 
diffusion  of  nonsorbing  tracers  in  the  event  of  significant  fracture  flow. 
The  term  involving  diffusion  of  tracer  particles  between  the  matrix  and  the 
fractures  is  not  shown  in  Equations  8.3.5.12-1  and  8.3.5.12-2  because  these 
equations  are  ground-water  flow  rather  than  transport  equations.   If 
diffusion  is  to  be  considered  then  the  transport  equations  developed  in  Issue 
1.1  would  apply  (Section  8.3.5.13). 

For  both  the  unsaturated  and  saturated  zones,  the  confidence  levels  set 
for  individual  parameters  reflect  current  judgments  of  their  relative  impor- 
tance to  ground-water  travel  time.   If  the  mean  values  currently  available 
(Chapters  1  through  3)  for  the  parameters  listed  in  Table  8.3.5.12-3  are  good 
sstimates  of  the  true  values,  then  those  values  are  probably  adequate  to  show 
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compliance  with  the  performance  goals  set  for  this  issue.   In  no  instance  is 
the  current  level  of  confidence  high  for  any  of  the  parameters  listed. 

The  actual  parameters  reguested  are  the  first  two  statistical  moments 
(mean  and  standard  deviation)  and  the  spatial  correlation  coefficients  of 
each  of  the  properties  for  each  of  the  hydrogeologic  units.   Thus,  the 
confidence  levels  assume  nonstationarity  and  apply  to  confidence  that  the 
three-dimensional  location-dependent  mean,  standard  deviation,  and  spatial 
correlation  within  each  unit  are  known  to  the  indicated  level  of  confidence. 
Generally,  more  samples  are  reguired  to  obtain  higher  confidence  levels  for, 
respectively,  means,  standard  deviations,  and  spatial  correlations  of 
individual  properties.   This  is  particularly  true  for  geologic  materials 
where  properties  are  commonly  treated  as  regionalized  variables  (Matheron, 
1971)  .  Drift  or  trend  surface  analysis  technigues  will  be  applied  to  allow 
the  assessment  of  spatial  change  in  the  statistical  moments.   This  strategy 
of  assigning  confidence  goals  to  statistical  parameters  of  distinct  proper- 
ties varies  somewhat  from  the  general  approach  for  issue  resolution  discussed 
in  Section  8.2.2  wherein  target  goals  are  reguested  for  the  value  of  a  prop- 
erty with  specified  confidence  or  within  specified  intervals.   Given  the 
nonunigue  combination  of  property  values  that  will  satisfy  the  performance 
goal  and  the  potentially  large  contribution  of  spatial  and  statistical 
variability  of  properties  to  uncertainty  in  travel-time  predictions  (Codell, 
1986;   Sinnock  et  al.,  1986),  definition  of  the  statistical  characteristics 
of  property  distribution  will  more  effectively  and  efficiently  reduce 
uncertainties,  at  least  for  this  issue,  than  specification  of  target  values 
for  the  properties.   Because  spatial  variability  is  a  major  source  of 
uncertainty  in  predictions  of  ground-water  travel  time,  it  is  prudent  to 
characterize  the  spatially  dependent  statistical  structure  of  the  variables. 

A  large  number  of  samples  may  need  to  be  tested  to  obtain  high  confi- 
dence in  some  parameters  over  the  entire  repository  site,  particularly  the 
spatial  correlation.   This  is  because  the  porous  tuff  formations  are  probably 
heterogeneous,  with  hydrogeologic  properties  varying  in  an  irregular  manner 
in  space  both  horizontally  and  vertically.  The  heterogeneity  can  be  charac- 
terized by  the  autocorrelation  of  the  properties  of  interest  as  a  function  of 
spatial  separation  and  by  analysis  in  nonstationary  populations.  The  auto- 
correlation superposed  on  the  drift  is  referred  to  in  the  remainder  of  this 
section  as  spatial  correlation.  Different  scales  (sample  separation  dif- 
ferences) should  be  sampled  reliably  to  assess  the  vertical  and  horizontal 
spatial  structure  of  parameter  statistics  within  each  hydrogeologic  unit. 
The  scale  over  which  a  measurement  averages  flow  parameters  should  be  evalu- 
ated to  estimate  the  proper  hydraulic  properties  of  the  medium  to  use  in 
modeling  exercises.  The  laboratory  and  even  field  scales  of  property  meas- 
urements are  usually  relatively  small  compared  with  the  rock  mass  represented 
in  numerical  simulations.  Modeling-scale  properties  of  the  fractured  porous 
rock  mass  need  to  be  developed,  accounting  for  the  uncertainty  in  both  the 
fracture  and  matrix  variability,  by  calibrating  the  modeling  data  with  the 
actual  measurements  obtained  from  cores,  in  situ  tests,  and  subsurface 
observations  in  the  exploratory  shaft.   The  effect  of  different  scales  on 
hydrologic  property  values  will  be  investigated  in  Sections  8.3.1.2.2  and 
8.3.1.4.3.  Definition  of  the  scale-dependency  and  spatial  variability  may 
reguire  systematic,  relatively  dense  sampling  of  the  properties  of  interest 
(or  their  correlated  surrogates) . 
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To  indicate  the  level  of  detail  at  which  the  information  is  required  for 
resolution  of  this  issue,  a  desired  level  of  confidence,  for  example  high, 
medium,  or  low,  is  indicated  in  Table  8.3.5.12-3.  Because  of  the  paucity  of 
current  information  on  hydrologic  properties  and  characteristics,  the 
requested  levels  of  confidence  are  only  qualitative.   These  qualitative 
levels  relate  to  the  width  of  the  confidence  interval  for  means  and  vari- 
ances, with  high  indicating  that  the  desired  confidence  interval  for  the 
value  is  smaller  than  the  interval  for  a  medium  level  of  confidence.   For 
spatial  correlation,  increasing  confidence  is  taken  to  mean  extending  the 
spatial  correlation  coefficient  (variogram)  over  a  greater  distance  range,  at 
a  given  level  of  confidence.  Quantitative  levels  may  be  set  as  the  hydro- 
logic  models  are  more  completely  defined  and  knowledge  is  improved  about  the 
effects  of  parameter  distributions,  interrelationships,  and  characteristics 
on  uncertainty  in  ground-water  travel  time. 

Confidence  in  means,  standard  deviations,  and  spatial  correlations  for 
less  densely  sampled  parameters  can  be  enhanced  by  defining  the  covariance 
coefficients  between  them  and  densely  sampled  parameters,  within  and  between 
individual  hydrogeologic  units,  and  using  the  spatial  distribution  of  the 
more  densely  sampled  parameter  to  constrain  the  distribution  of  the  other. 
To  be  most  effective,  this  approach  should  rely  on  measurements  of  correlated 
parameters  on  a  single  physical  sample.  Therefore,  design  of  a  sampling  and 
testing  program  should,  to  the  extent  practical,  sequence  measurements  of 
different  parameters  on  single  samples. 

Although  little  specific  information  is  called  out  within  Table 
8.3.5.12-3  to  define  the  conceptual  hydrologic  models,  it  is  evident  that 
definition  of  alternative  conceptual  hydrologic  models  and  assessment  of 
their  relative  likelihood  for  the  unsaturated  and  saturated  zones  is  an 
important  requirement  for  evaluating  ground-water  travel  times.   Chapter  3 
more  explicitly  addresses  some  of  the  sources  of  uncertainty  about  unsatu- 
rated-zone  conceptual  models,  and  these  uncertainties  are  shared  by  this 
issue,  including  questions  about  coupling  processes  between  matrix  and  frac- 
ture flow  and  about  scaling  laboratory  and  field  measurements  to  a  suffi- 
ciently large  volume  of  rock  for  numerical  modeling. 

Hydrologic  concepts  and  data  needed  to  calculate  ground-water  travel 
times  are  provided  by  the  site  characterization  programs  8.3.1.2  and  8.3.1.4. 
Calculation  of  the  ground-water  travel-time  distribution  will  probably  be 
made  with  versions  of  different  calculational  models.   Calculational  models 
are  subject  to  refinement  as  conceptual  understanding  of  flow  in  unsaturated 
and  saturated,  fractured  porous  tuff  increases  and  as  additional  data  are 
acquired  from  site  characterization.  The  hydrologic  parameters  and  confi- 
dence levels  listed  in  this  information  need  will  probably  be  revised  as  the 
current  versions  of  calculational  models  are  refined. 

No  specific  activities  are  defined  for  this  information  need.   However, 
as  more  information  about  site  data  and  geostatistical  modeling  becomes 
available,  the  data  needs  defined  in  this  section  will  be  continually 
reevaluated  (Section  8.3.5.12.4.1.1). 
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8.3.5.12.1.1  Application  of  results 

The  information  called  for  in  this  information  need  is  a  summary  of 
data  about  site  characteristics  required  to  satisfy  Issue  1.6.  As  such, 
satisfaction  of  this  information  need  will  provide  the  input  parameters  for 
modeling  activities  described  under  Information  Needs  1.6.2  through  1.6.4. 


8.3.5.12.2  Information  Need  1.6.2:   Calculational  models  to  predict 

ground-water  travel  times  between  the  disturbed  zone  and  the 
accessible  environment 

Issue  1.6  addresses  the  performance  objective  that  pre-waste-emplacement 
ground-water  travel  time  along  the  fastest  path  of  likely  radionuclide  travel 
from  the  disturbed  zone  to  the  accessible  environment  shall  be  at  least  1,000 
yr.  Direct  measurements  of  ground-water  travel  time  are  not  feasible  because 
the  time  and  distance  scales  are  too  great  for  direct  observation.  Resolu- 
tion of  the  issue  will  be  demonstrated  primarily  by  using  numerical  models  to 
make  quantitative  estimates  of  the  distribution  of  ground-water  travel  time 
and  by  comparing  these  estimates  to  the  performance  goals.  Models  that  de- 
scribe the  appropriate  physical  processes  are  needed  for  estimating  the 
ground-water  travel  times.   Several  types  of  calculational  models  are  re- 
quired to  provide  tools  for  determining  the  pre-waste-emplacement  ground- 
water travel  time. 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Currently  available  calculational  models  for  ground-water  travel  time 
are  alluded  to  in  Section  3.9,  and  more  comprehensively  listed  in  Section 
8.3.5.19.  The  conceptual  basis  for  the  current  models  and  those  that  may  be 
developed  in  the  future  is  described  in  Section  3.9,  and  the  basic  mathe- 
matical formulations  of  current  models  is  given  in  Information  Need  1.6.1, 
Section  8.3.5.12.1. 

Parameters 

The  following  information  must  be  available  to  select  a  set  of  calcu- 
lational models  for  establishing  ground-water  travel  time: 

1.  Site  parameters  described  in  Information  Need  1.6.1  (Section 
8.3.5.12.1)  and  listed  in  Table  8.3.5.12-3. 

2.  Conceptual  models  of  water  flow  through  the  unsaturated  and  the 
saturated  zones  at  the  Yucca  Mountain  site.  The  conceptual 
models  should  consist  of  a  description  of  the  physical  processes, 
including  a  definition  of  the  limits  of  the  processes,  a  listing 
of  parameters  believed  to  be  relevant  to  the  process,  and  a 
statement  of  the  parameters  that  the  model  will  predict. 

3.  A  three-dimensional  geometric  model  of  the  site  parameters  alluded 
to  in  item  1.  This  geometric  model  should  be  capable  of  associating 
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single  values,  multiple  values,  or  variations  of  values  for  the 
hydrological  and  geochemical  parameters  with  specific  three- 
dimensional  locations  at  the  Yucca  Mountain  site. 


Logic 


The  types  of  calculational  models  reguired  depend  upon  the  approaches 
used  to  resolve  the  ground-water  travel-time  performance  objective, 
reflected  in  the  technical  basis  described  for  resolving  Information  Needs 
1.6.3  and  1.6.4  (Sections  8.3.5.12.3  and  8.3.5.12.4).  A  sufficient  under- 
standing of  the  flow  behavior  at  Yucca  Mountain,  as  well  as  interpretations 
of  the  available  data,  are  needed  to  select  an  appropriate  suite  of  models 
for  resolving  this  issue.  Once  the  physical  processes  of  the  flow  system 
have  been  hypothesized  (the  issue  resolution  strategy,  Section  8.3.5.12  and 
the  geohydrology  testing  strategy,  Section  8.3.1.2)  and  a  proper  set  of 
variables  (or  data)  has  been  identified  (Section  8.3.5.12.1),  mathematical 
and  numerical  models  of  the  flow  behavior  can  be  formulated.  Many  alterna- 
tive considerations  are  examined:  What  dimensionality  and  scale  of  modeling 
should  be  used?  Can  simplifying  approximations  to  the  physical  processes  be 
used?  Should  a  homogeneous-parameter  or  heterogeneous-parameter  model  be 
used  to  guantify  physical  properties  of  discrete  hydrogeologic  units?  What 
are  the  proper  mathematical  forms  of  the  processes  embodied  by  the  models? 
What  are  the  proper  geometric  and  mathematical  forms  of  boundary  and  initial 
conditions? 

Ground  water  at  the  Yucca  Mountain  site  flows  through  fractured  porous 
tuff  in  both  saturated  and  unsaturated  conditions.   Current  conceptual  models 
of  Yucca  Mountain  postulate  that  flow  takes  place  in  matrix  pores  or  in 
matrix  pores  in  combination  with  fractures.   The  matrix  porosity  is  made  up 
of  interconnected  microscopic  pores  within  tuff  blocks  bounded  by  fractures. 
The  fracture  porosity  is  made  up  of  joints  and  fault  zones.   Indeed,  the  many 
fractures  can  be  envisioned  as  homogeneous  within  the  framework  of  continuum 
models  at  an  appropriately  large  scale.   Faults  may  serve  as  specific  dis- 
continuities, boundaries,  zones  of  high  permeability,  etc.,  but  they  may  be 
too  few  and  too  influential  to  justify  a  continuum  approach.   The  different 
types  of  calculational  models  that  may  be  used  to  simulate  the  flow  through 
fractured,  porous  systems  are  discussed  in  the  following  paragraphs. 

The  eguivalent  porous  medium  type  of  model  (Bear,  1972)  is  based  on 
representative  elemental  volume  concepts  and  on  the  assumption  that  any  flow 
through  fractures  is  Darcian.   The  eguation  of  flow  is  described  by  the 
conservation  of  mass,  including  terms  for  advection,  storage,  dispersion, 
diffusion,  and  sinks  and  sources.   The  underlying  assumption  is  that  physical 
quantities  such  as  porosity,  conductivity,  and  pressure  can  be  averaged  over 
large  blocks  of  rock  containing  a  large  number  of  fractures.  There  is  no 
well-defined  method  for  computing  the  equivalent  porous  medium  parameters 
even  if  the  fractures  are  completely  described,  although  several  models  are 
being  constructed  to  generate  unsaturated  porous-media  properties  from 
detailed  structural  and  physical  concepts.  When  available,  these  methods  may 
be  applied  to  the  unsaturated  zone.   Equivalent  porous  medium  models  are 
generally  taken  to  be  the  most  realistic  way  of  calculating  regional  scale 
and  local  scale  (repository  area)  saturated  ground-water  flow.  Thus,  this 
type  of  model  will  be  used  for  saturated  flow  simulations  used  to  calculate 
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travel  times.   The  parameters  needed  for  this  model  are  hydraulic  conduc- 
tivity, effective  porosity,  specific  storage,  the  flux  and  head  at  the  model 
boundary,  and  initial  head  conditions  within  the  model  area. 

The  double  porosity  type  of  model  (Barenblatt  et  al.,  1960)  lumps  all 
the  matrix  blocks  into  one  continuum  and  all  the  fractures  into  another 
continuum  and  develops  a  coupling  term  between  the  two  continua.   The  rock 
matrix  continuum  is  commonly  characterized  by  low  permeability  and  high 
storage,  while  the  fractured  continuum  is  usually  characterized  by  high 
permeability  and  low  storage.   Therefore,  the  rock  matrix  often  controls  the 
late  time  response  of  the  system  to  pressure  or  stress  transients,  while  the 
fractured  continuum  controls  the  early  time  response  of  the  system.   This 
system  can  be  described  by  two  mass  conservation  equations,  one  for  each 
continuum.   If  flow  is  highly  dominated  by  either  matrix  or  fractures,  the 
need  for  two  continua  is  questionable  and  reasonable  approximations  can  be 
obtained  by  a  single  equivalent  porous  medium  approach.   The  parameters 
needed  are  the  effective  porosity,  hydraulic  conductivity,  and  the  pressure 
for  both  matrix  and  fractured  continua;  the  flux  of  water;  and  a  coupling 
function  representing  the  transfer  of  fluid  between  rock  matrix  and  frac- 
tures, including,  as  appropriate,  hysteric  behavior  of  relative  hydraulic 
conductivity  and  effects  of  mineral  coatings  on  fracture-to-matrix  conducti- 
vity.  Physical  parameters,  such  as  porosity  and  permeability,  associated 
with  the  fracture  continuum  are  obtained  from  fracture  properties  such  as 
aperture  width,  spacing,  and  orientation.   This  approach  probably  will  not  be 
used  in  the  studies  currently  planned  because  of  the  current  beliefs  that 
flow  in  the  unsaturated  zone  is  predominantly  constrained  to  the  matrix  pores 
and  in  the  saturated  zone  to  the  fractures. 

A  special  case  of  the  double  porosity  model,  called  a  composite  medium 
model  (Klavetter  and  Peters,  1986),  can  be  derived  by  adding  the  two  contin- 
uum equations,  assuming  the  potential  fields  for  the  two  systems  (matrix  and 
fractures)  are  in  equilibrium.   The  validity  of  this  fundamental  assumption 
will  be  tested  by  the  site  characterization  program  for  geohydrology  (Program 
8.3.1.2).   Such  superposition  is  practical  in  the  representative  elementary 
volume  approach  for  saturated  flow  but  has  not  been  demonstrated  to  be  appli- 
cable to  unsaturated  flow.  As  for  the  double  porosity  model,  the  composite 
medium  model  is  only  applicable  under  the  steady  or  nonsteady  conditions 
where  both  matrix  pores  and  fractures  are  involved  in  the  flow.   This  model 
will  be  provisionally  accepted  to  describe  unsaturated  flow  under  transients 
that  cause  fracture  flow.   The  parameters  required  for  unsaturated  conditions 
are  the  relative  permeability  and  saturation  as  a  function  of  pressure  head, 
effective  porosity,  and  initial  conditions;  all  these  parameters  are  required 
for  both  the  matrix  and  fractures  (Table  8.3.5.12-3).  This  type  of  model 
will  be  used  primarily  to  investigate  local  behavior  of  fracture  and  matrix 
flow  within  and  between  units  under  variable  flux  conditions  to  help  generate 
representative  concepts,  parameters,  and  flow  paths  for  use  in  site  scale 
models. 

Another  approach  to  investigating  the  relations  between  matrix  and 
fracture  flow  involves  discrete  fracture  models  that  treat  fractures  and 
discontinuities  individually  rather  than  as  a  continuum.   The  drawback  to  a 
discrete  fracture  model  for  site  scale  applications  is  the  amount  of  detail 
that  is  required  as  input  for  a  large  number  of  fractures  and  the  accom- 
panying difficulties  in  modeling  the  discrete  fractures  throughout  a  large 
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volume.   For  small  scales,  an  erficient  approach  can  be  applied  by  using 
statistical  descriptions  of  fracture  characteristics  to  generate  synthetic 
fractures  sets,  then  simulating  the  flow  through  the  fractures  and  between 
the  matrix  blocks  and  the  fractures  (Long  et  al.,  1982;  Wang  and  Narasimhan, 
1985,  1986) .  Microfractures,  which  are  too  numerous  to  simulate  discretely, 
may  be  included  within  the  hydraulic  properties  of  the  fracture  or  matrix 
continuum,  as  is  true  for  any  modeling  approach  accounting  for  dual  porosity 
effects.   This  type  of  model  will  be  used  to  augment  a  composite  medium  model 
to  establish  proper  generalized  parameters  for  use  in  simpler  site-scale 
models.  Of  particular  interest  are  the  potential  for  channeling  of  fracture 
flow  and  other  complications  that  may  result  in  generalizing  the  character- 
ization of  the  fractures. 

The  phenomena  of  flow  in  fractured  porous  tuff  are  complicated,  espe- 
cially in  the  unsaturated  zone.   In  particular,  the  mathematically  nonlinear 
description  of  permeability  changes  caused  by  saturation  changes  (flux 
transients)  in  the  differential  eguations  of  flow  become  very  difficult  to 
solve,  especially  where  material  property  contrasts  occur  between  matrix 
blocks  and  fractures  or  across  unit  contacts.   If  the  spatial  variability  of 
properties  within  units  is  considered,  the  difficulties  of  numerical  con- 
vergence are  increased  many  fold.   To  attempt  to  overcome  some  of  these 
numerical  difficulties,  development  of  simplified  models  that  avoid  itera- 
tive, convergent  solutions  of  the  mass-balance  differential  equations  will  be 
pursued.   Current  ideas  point  toward  direct  kinematic  or  direct  simulation 
models  that  calculate  velocity,  simply,  as  flux  divided  by  moisture  content, 
where  flux  is  treated  as  an  independent  boundary  condition.   For  example,  the 
velocity  of  ground  water  in  unsaturated  flow  may  be  approximated  in  one- 
dimensional  analysis  by  dividing  percolation  flux  by  the  moisture  content  in 
the  matrix  pores.   If  the  flux  is  greater  than  the  saturated  hydraulic  con- 
ductivity, the  travel  time  is  calculated  from  the  velocity  of  flow  through 
fractures  (Sinnock  et  al.,  1986).   This,  or  similar  simplified  models,  will 
be  used  to  the  extent  it  can  be  demonstrated  as  reliable  or  conservative  for 
site-scale  calculations  of  travel-time  distributions.   Currently,  it  is 
believed  that  there  is  a  possibility  of  lateral  diversion  at  some  unit  con- 
tacts or  within  single  units.   In  this  case,  one-dimensional  vertical  flow 
may  be  an  oversimplification  and  horizontal  components  might  need  to  be 
accounted  for  in  defining  a  set  of  one-dimensional  flow  lines.   The  computing 
efficiency  associated  with  such  one-dimensional  kinematic  models  allows 
available  computing  power  to  be  focused  on  resolution  of  the  effects  of 
spatial  heterogeneity. 

As  currently  planned,  a  stochastic  type  of  model  that  generalizes  flow 
processes  while  enhancing  spatial  resolution  of  property  variations  will 
serve  as  the  primary  site-scale  model.  Using  this  approach,  ground-water 
:ravel  time  can  be  treated  as  a  random  variable  rather  than  as  a  fixed 
luantity  through  any  given  distance  (Codell,  1986) .  One  source  of  the 
variability  of  ground-water  travel  time  is  caused  by  spatial  heterogeneity  of 
'.he  parameters.   Irreducible  uncertainty  about  site  characteristics  with 
regard  to  spatial  and  temporal  variabilities  will  always  lead  to  uncertainty 
n  ground-water  travel  time.   To  account  for  the  spatial  variability  and 
incertainty  of  parameters  (e.g.,  hydraulic  conductivity  and  effective 
>orosity  for  both  the  matrix  and  fractures,  and  for  initial  and  boundary 
conditions),  many  random  realizations  of  the  parameter  sets  will  be  used  to 
stimate  a  travel-time  probability  distribution  that  reflects  parameter 
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uncertainties  that  are  themselves  expressed  as  probability  distributions. 
Such  a  procedure  is  known  as  a  Monte  Carlo  simulation  and  will  be  applied  to 
estimate  the  ground-water  travel-time  distributions  for  comparison  with  the 
travel-time  goals  set  in  Section  8.3.5.12.  A  preliminary  application  of  this 
approach  was  used  to  generate  the  cumulative  distribution  functions  for 
travel  time  (Sinnock  et  al.,  1986)  in  Sections  3.9.4  and  8.3.5.12.  A  more 
direct  stochastic  method  is  to  treat  numerically  the  parameters  and  dependent 
variables  of  the  governing  equations  as  random  processes  rather  than  as 
deterministic  quantities.   The  partial  differential  or  kinematic  equations 
describing  flow  are  solved  in  terms  of  means  and  variances  of  the  dependent 
variables.   The  direct  stochastic  method  of  modeling  has  been  rapidly 
developing  in  recent  years  (Mantoglu  and  Gelhar,  1985;  Yeh  et  al.,  1985).  A 
good  estimate  of  input  covariances  of  the  hydrogeologic  parameters  is 
required  for  such  stochastic  modeling.   If  feasible,  this  direct  stochastic 
approach  may  be  used  to  supplement  or  supplant  reliance  on  Monte  Carlo 
simulations. 

The  proper  application  of  each  type  of  model  is  determined  by  its  role 
in  building  confidence  that  the  flow  time  can  be  adequately  simulated  and 
that  uncertainty  can  be  adequately  accounted  for.   The  level  of  complexity  of 
the  phenomena  included  in  the  model  depends  on  the  purpose  for  which  the 
model  is  intended.  A  flow-system  model  will  be  developed  to  incorporate 
spatial  variability,  temporal  variability,  and  uncertainty.  Once  a  modeling 
concept  has  been  developed  to  some  level  of  sophistication,  a  period  of 
evolution  begins,  wherein  the  important  features  of  the  model  are  retained 
and  inconsequential  features  are  eliminated.   This  occurs  by  comparing  the 
results  of  simulations  using  various  approaches,  modifying  the  models  to  test 
the  assumptions,  calibrating  and  validating  the  models,  performing  sensitiv- 
ity analyses  and  uncertainty  analyses,  and  incorporating  new  data  into  the 
analyses.  The  correctness  of  results  predicted  by  the  model  will  be  tested 
against  analytical  solutions  of  a  similar  model  and  against  laboratory  and 
field  data.  When  discrepancies  appear,  the  models  may  undergo  modification 
and  further  modeling  tests  may  be  performed  until  a  self-consistent  model  of 
the  flow  system  is  built. 

In  summary,  the  calculational  models  required  to  estimate  ground-water 
travel  times  from  the  disturbed  zone  to  the  accessible  environment  include 
(1)  local  (small-scale)  models  for  both  the  unsaturated  zone  and  saturated 
ground-water  flow  to  establish  the  proper  processes  to  consider  in  the  flow 
description  at  the  site,  (2)  a  travel-time  model  to  determine  ground-water 
travel  time  based  on  simplifications  of  the  flow  processes  established  by  the 
local  scale  models,  and  (3)  a  statistical  model  to  incorporate  the  uncer- 
tainty in  the  input  information  into  the  travel-time  model  and  to  provide  a 
probabilistic  estimate  of  ground-water  travel  time. 


8.3.5.12.2.1  Activity  1.6.2.1:  Model  development 

The  objective  of  this  activity  is  to  develop  calculational  models  for 
predicting  pre-waste-emplacement  ground-water  travel  time.  Two  subactivities 
are  involved  in  this  activity. 
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8.3.5.12.2.1.1  Subactivity  1.6.2.1.1:  Development  of  a  theoretical 
framework  for  calculational  models 

Objectives 

The  objective  of  this  subactivity  is  to  assess  conceptual  and  mathemat- 
ical representations  of  unsaturated  flow  phenomena  in  fractured  porous  media 
and  adopt  a  set  or  sets  of  equations  for  use  in  calculating  ground-water 
travel  time. 

Description 

This  subactivity  will  assess  the  concepts  and  hydrologic  mechanisms 
governing  fluid  flow  in  partially  saturated  fractured  porous  tuff  at  Yucca 
Mountain.   Section  8.3.1.2.2,  under  the  geohydrology  program,  will  describe 
the  unsaturated  zone  hydrologic  system  at  Yucca  Mountain.   This  activity  will 
work  in  conjunction  with  plans  described  in  Section  8.3.1.2.2  to  develop  one 
or  more  mathematical  representations  of  the  hydrology  at  the  site  that  are 
suitable  for  use  in  the  calculation  of  ground-water  travel  time. 


8.3.5.12.2.1.2    Subactivity  1.6.2.1.2:  Development  of  calculational  models 

Objectives 

The  objective  of  this  subactivity  is  to  develop  computer  algorithms  for 
calculational  (numerical)  models  to  estimate  ground-water  travel  time. 

Description 

This  subactivity  will  refine  existing  computer  algorithms  or  develop  new 
ones  that  embody  (1)  local  flow  models  for  investigating  the  mechanisms  of 
flow  in  the  unsaturated  and  saturated  zones,  (2)  travel-time  models  for  esti- 
mating ground-water  travel  time,  and  (3)  statistical  models  for  incorporating 
the  uncertainty  in  a  probabilistic  manner.   This  subactivity  will  modify 
present  calculational  models  by  comparing  them  with  other  models  incorporat- 
ing different  levels  of  sophistication,  field  test  results  from  the  geohy- 
irology  program  about  the  conceptual  assumptions  within  the  models,  and  the 
results  of  sensitivity  analyses.  These  calculational  models  will  be  devel- 
Dped  in  cooperation  with  related  efforts  in  Section  8.3.1.2.2. 


5.3.5.12.2.2  Activity  1.6.2.2:  Verification  and  validation 

The  objective  of  this  activity  is  code  verification  and  model  valida- 
•ion.  Two  subactivities  are  involved  in  this  activity. 
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8.3.5.12.2.2.1  Subactivity  1.6.2.2.1:  Verification  of  codes 

Objectives 

This  subactivity  will  ensure  that  the  computer  algorithms  making  up  the 
codes  correctly  perform  the  intended  numerical  operations. 

Description 

The  numerical  accuracy  of  the  calculational  models  used  in  analysis  of 
flow  will  be  verified  by  tests  including  comparison  to  analytical  solutions 
and  benchmarking  against  other  codes.   Currently,  the  Yucca  Mountain  Project 
is  participating  in  HYDROCOIN,  an  international  effort  to  verify  and  support 
validation  of  computer  codes  to  be  used  in  assessments  of  environments 
related  to  nuclear  waste  disposal.   The  Yucca  Mountain  Project  has  also 
instituted  a  formal  code  verification  activity,  COVE,  for  all  performance 
assessment  codes  used  by  the  project.   For  more  information,  refer  to 
Sections  8.3.5.19  and  8.3.5.20. 


8.3.5.12.2.2.2  Subactivity  1.6.2.2.2:  Validation  of  models 
Objectives 

The  objective  of  this  subactivity  is  to  ensure  that  the  conceptual 
models  and  their  mathematical  and  numerical  representations  correctly  account 
for  the  physical  processes  relevant  to  determining  ground-water  travel  time. 

Description 

The  correctness  of  theoretical  and  mathematical  models  in  the  simulation 
of  flow  phenomena  relevant  for  assessing  travel  time  will  be  addressed  by 
model  validation.  The  validation  tests  will  involve,  to  the  extent  possible, 
comparisons  of  model  predictions  with  laboratory  experiments  and  field  data 
or  comparisons  with  other  models  already  validated.  The  correctness  of 
results  predicted  by  a  model  will  be  tested  against  similar  models  (verifica- 
tion) and  against  appropriate  laboratory  and  field  data  (validation) .  If 
discrepancies  occur,  the  models  may  undergo  modification  and  further  verifi- 
cation and  validation  until  the  code  predicts  observed  behavior  with  accept- 
able accuracy. 

This  subactivity  will  perform  laboratory  experiments  that  will  provide 
direct  observations  of  flow  behavior  in  unsaturated  media  that  can  be 
compared  with  code  predictions  and  used  to  support  validation  of  mathematical 
models  describing  unsaturated  fluid  flow.   Integrated  sets  of  laboratory  data 
will  be  obtained,  and  the  hydrologic  properties  of  the  samples  used  in  the 
validation  experiments  will  be  measured.   This  subactivity  is  divided  into 
two  separate  parts.  The  first  is  responsible  for  designing  and  performing 
the  validation  experiments.   The  second  is  responsible  for  ensuring  that  the 
hydrologic  property  values  required  by  the  mathematical  flow  models  have  been 
determined  for  the  samples  used  in  the  validation  experiments. 
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Under  the  first  part  of  this  subactivity,  laboratory  hydrologic  experi- 
ments will  be  designed  and  performed  to  support  comparison  of  unsaturated 
flow  models  to  laboratory  observations.   The  computer  codes  in  which  those 
models  are  embodied  and  the  factors  involved  in  the  general  validation 
process  are  summarized  in  Section  8.3.5.19. 

A  primary  effort  within  this  subactivity  will  be  to  design  hydrologic 
experiments  that  can  be  sufficiently  controlled  to  produce  integrated  sets  of 
data  such  that  every  relevant  component  of  the  model  is  addressed.   Some 
experiments  may  address  single  components  of  the  model,  and  others  may 
address  the  composite  response  of  the  entire  model.  Although  the  time  frame 
of  the  experiments  generally  will  not  be  comparable  to  the  time  period 
desired  for  the  application  of  the  model,  the  loads  imposed  in  the  experi- 
ments will  be  as  comparable  to  those  expected  in  situ  as  possible,  perhaps 
accounting  for  time  and  distance  scaling  factors.   In  general,  the  experi- 
ments will  be  designed  to  monitor  water  movement  (either  wetting  or  drying 
processes)  in  laboratory-scale  samples  under  tightly  controlled  boundary 
conditions.  Materials  may  range  from  tuff  samples  of  various  kinds  to 
synthetic  or  natural  materials  such  as  sand.   The  main  parameters  to  be 
measured  will  include  pressure,  saturation,  boundary  conditions  of  pressure, 
saturation,  and  temperature  profiles,  and  time. 

Two  experiments  have  been  designed  at  this  time:  One  is  an  imbibition 
(wetting)  experiment  and  the  other  is  a  drying  experiment.   Laboratory 
scoping  experiments  of  both  imbibition  and  drying  processes  have  already  been 
performed  on  a  welded  tuff  sample  of  cylindrical  geometry  to  develop  the 
necessary  instrumentation.   In  the  imbibition  experiment,  a  dry  sample  of 
cylindrical  geometry  will  be  placed  within  a  core  holder  and  pressure  vessel. 
Pressure  conditions  will  be  monitored.  One-dimensional  water  movement  will 
be  induced  by  initiating  a  constant  water  flux  at  one  end.   The  transient 
saturation  profile  along  the  sample  will  be  monitored  using  a  (nonintrusive) 
gamma-beam  attenuation  technigue.   The  experiment  will  be  terminated  after 
full  saturation  is  reached.   The  sample  will  be  tested  initially  under 
isothermal  conditions. 

The  drying  experiment  will  use  the  same  sample  and  experimental  appara- 
tus used  in  the  imbibition  experiment.  A  dry  gas  stream  will  be  passed  over 
one  or  both  ends  of  the  saturated  sample.  The  saturation  along  the  sample 
will  be  monitored  as  a  function  of  time  as  the  sample  dries  out. 

The  purpose  of  the  second  part  of  this  subactivity  is  to  characterize 
the  hydrologic  properties  of  the  samples  used  in  the  model  validation 
Bxperiments.   The  parameters  determined  will  be  those  reguired  by  the 
unsaturated  flow  model  to  be  validated.  The  general  unsaturated  flow  model 
(e.g.,  Section  8.3.5.12.1,  Equation  8.3.5.12-2)  requires  the  following  input 
1  parameters:   hydraulic  conductivity  as  a  function  of  pressure  head,  satura- 
:ion  as  a  function  of  pressure  head,  and  porosity.   The  first  two  parameters 
ire  often  referred  to  as  characteristic  curves  of  the  material.   The  curves 
should  be  determined  under  the  same  water  movement  process  (either  wetting  or 
irying)  as  took  place  in  the  validation  experiment. 

This  subactivity  will  cooperate  with  the  work  performed  under  Investi- 
jation  8.3.1.2.2  to  characterize  the  hydrologic  properties  of  the  tested 
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samples.  The  results  will  be  documented  and  supplied  to  the  scientific  and 
engineering  property  data  base  for  use  in  the  validation  process. 

Although  no  validation  of  models  will  occur  under  this  subactivity,  the 
experimental  efforts  will  be  closely  coordinated  with  work  described  in 
Sections  8.3.5.13,  8.3.1.2,  and  8.3.5.19  to  ensure  that  appropriate  and 
sufficient  laboratory  hydrologic  experiments  are  performed  to  support  model 
validation. 

Methods  and  technical  procedures 

The  methods  and  technical  procedures  for  Subactivity  1.6.2.2.2.  are 
given  in  the  following  table. 


Method 


Number 


Technical  procedure 


Title 


Date 


Imbibition/drying 
characterization 
using  gamma-beam 
attenuation 


TBDJ 


Determination  of  fluid 
saturation  in  unsat- 
urated consolidated 
porous  material  using 
gamma-beam  attenuation 


TBD 


Other  methods  to 
be  determined  as 
required 


TBD 


The  methods  and  procedures  TBD 
used  will  be  those  that 
are  determined  by  the 
prototype  testing 
within  Activity 
8.3.1.2.2.3.1.   (matrix 
hydrologic  properties 
testing)  to  be  the 
most  appropriate  to 
measure  property  values 
for  the  desired  para- 
meters 


aTBD  =  to  be  determined. 


8.3.5.12.2.3  Application  of  results 


The  information  provided  by  satisfaction  of  this  information  need  will 
be  used  in  Information  Need  1.6.3  (description  of  ground-water  flow  paths) 
and  Information  Need  1.6.4  (calculation  of  pre-waste-emplacement  ground-water 
travel  time) . 
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8.3.5.12.3  Information  Need  1.6.3:   Identification  of  the  paths  of  likely 
radionuclide  travel  from  the  disturbed  zone  to  the  accessible 
environment  and  identification  of  the  fastest  path 

Descriptions  of  flow  paths  in  both  the  unsaturated  and  saturated  zones 
are  required  to  determine  the  pathways  to  be  used  in  compliance  with  the 
10  CFR  60.113(a)  (2)  requirement  for  assessing  pre-waste-emplacement  ground- 
water travel  time  along  the  fastest  path  of  likely  radionuclide  travel  from 
the  disturbed  zone  to  the  accessible  environment.   This  information  is  used 
in  Information  Need  1.6.4  (Section  8.3.5.12.4).   In  addition,  the  flow  paths, 
velocities,  fluxes,  boundary  conditions,  and  initial  conditions  throughout 
the  site  will  be  developed  as  input  to  predict  the  cumulative  curies  trans- 
ported to  the  accessible  environment  under  normal  conditions  for  Information 
Needs  1.1.4  and  1.1.5  (Sections  8.3.5.13.4  and  8.3.5.13.5). 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Current  information  on  flow  paths  at  the  Yucca  Mountain  site  is 
discussed  in  Chapter  3  and  Section  8.3.1.2. 

Parameters 

The  results  obtained  from  Information  Need  1.6.2  (calculational  models) 
together  with  a  hydrogeologic  model  of  the  Yucca  Mountain  ground-water  flow 
system  are  needed  to  satisfy  this  information  need. 

Logic 

Compliance  with  the  10  CFR  60.113(a) (2)  ground-water  travel-time 
performance  objective  requires  (1)  characterizing  the  pre-waste-emplacement 
environment  and  its  potential  spatial  and  short-term  temporal  variabilities, 
(2)  determining  flow  paths  in  the  flow  domain,  and  (3)  identifying  the 
fastest  path  of  likely  radionuclide  travel. 

Paths  of  likely  radionuclide  travel  will  be  identified  in  two  ways. 
First,  the  information  regarding  the  site  will  be  evaluated  directly.   This 
evaluation  will  involve  examination  of  what  is  known  about  the  features  of 
the  site.   The  properties  and  behavior  of  these  features  will  be  evaluated 
with  regard  to  the  likelihood  of  radionuclide  travel.  For  example,  transport 
and  flow  characteristics  of  the  fractures  near  the  Ghost  Dance  fault  will  be 
evaluated.   Similarly,  the  likelihood  for  lateral  diversion  of  the  flow  and 
the  transport  of  radionuclides  at  contacts  of  the  hydrogeologic  units  will  be 
evaluated. 

Secondly,  pathways  for  likely  radionuclide  travel  will  be  identified  by 
numerical  modeling  of  the  ground-water  flow.  A  distribution  of  ground-water 
:ravel  times  will  be  determined  for  the  entire  site  taking  into  account  the 
incertainties  in  hydrologic  properties,  the  reasonable  models  of  water  move- 
nent  (i.e.,  matrix  versus  fracture  flow)  and  ranges  of  boundary  and  initial 
:onditions  that  are  plausible.   The  pre-waste-emplacement  ground-water  travel 
:ime  will  be  determined  for  each  of  the  paths  of  likely  radionuclide  travel. 
[n  each  case,  the  variation  and  uncertainty  in  values  of  hydraulic  properties 
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will  be  taken  into  account  in  evaluating  the  ground-water  travel  time.   These 
analyses  will  result  in  probability  distributions  of  travel  times  for  each  of 
the  various  pathways.   These  distributions,  or  their  means,  can  be  compared 
to  determine  which  one  or  ones  are  the  fastest  path  of  likely  radionuclide 
travel. 

Currently,  travel-time  distributions  have  been  estimated  only  by 
simplified  one-dimensional  modeling  (Sinnock  et  al.,  1986).   The  simplifying 
one-dimensional  assumptions  will  be  modified  to  account  for  the  dependence 
between  outflow  locations,  travel  times,  and  guantities.   Such  dependence  and 
interaction  are  likely  to  occur  in  the  actual  multidimensional  flow  system. 
Therefore,  analyses  that  either  directly  or  indirectly  account  for  two-dimen- 
sional or  three-dimensional  flow  will  be  used  to  incorporate  the  uncertainty 
in  identifying  flow  path  correlations  in  the  predicted  travel  times  with  such 
features  of  the  site  as  fault  zones,  or  area  of  similar  thicknesses  of  hydro- 
geologic  units,  or  strong  spatial  correlation  of  properties  in  localized 
regions  of  the  site.   For  example,  the  probability  distribution  for  the  site 
may  display  multimodality  that  can  be  identified  with  geometrically  and  geo- 
graphically distinct  site  features.   Even  without  obvious  modality  in  the 
probability  distribution  associated  with  distinct  site  features,  geometric 
and  geographic  characteristics  and  locations  of  the  most  rapid  flow  time  can 
be  identified  using  standard  statistical  technigues. 

A  general  conceptual  model  of  flow  in  the  unsaturated  zone  was  presented 
in  Section  3.9.   This  general  conceptual  model  is  flexible  enough  to  accom- 
modate various  alternative  hypotheses  that  are  based  on  current  understanding 
of  the  hydrogeologic  characteristics  at  the  site.  Each  of  the  alternative 
hypotheses  may  produce  different  likely  paths  for  radionuclide  travel. 

Data  collected  under  the  geohydrology  program  (Section  8.3.1.2)  will  be 
used  to  guantify  ground-water  flow  characteristics  and  uncertainties  along 
the  possible  flow  paths.  As  additional  data  are  collected,  the  number  of 
alternative  conceptual  models  necessary  to  consider  will  decrease.  Numerical 
modeling  based  on  alternative  conceptual  models  will  provide  guantitative 
predictions  of  flow  fields  and  pathways.  These  models  will  evolve  as  new 
data  become  available  during  the  characterization  process.  Using  one  or  more 
models  of  the  hydrology  of  the  unsaturated  and  saturated  zones  at  Yucca  Moun- 
tain, the  range  of  likely  flow  paths  will  be  determined.   Because  current 
concepts  include  the  possibility  of  lateral  diversion  of  flow  in  the  unsatu- 
rated zone,  determination  of  flow  paths  in  the  unsaturated  zone  will  entail 
two-dimensional  calculations.   The  definition  of  flow  paths  will  be  coordi- 
nated with  activities  under  the  geohydrology  program  (Section  8.3.1.2). 

If  the  accepted  definition  of  a  fastest  path  of  likely  radionuclide 
travel  incorporates  flow  from  the  entire  disturbed  zone  boundary,  then  the 
fastest  paths  will  be  identified  as  those  originating  at  that  boundary,  and 
the  vitric  Calico  Hills  unit  will  be  a  primary  barrier.   If  the  geometric 
location  of  the  fastest  path  can  be  defined,  the  facility  location  could  be 
changed,  if  necessary,  to  ensure  adeguate  thickness  of  specific  hydrogeologic 
units  to  provide  high  confidence  of  1,000-yr  travel  times. 
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8.3.5.12.3.1  Activity  1.6.3.1:  Analysis  of  unsaturated  flow  system 

The  objective  of  this  activity  is  to  determine  which  flow  paths  or  sets 
of  flow  paths  of  likely  radionuclide  travel  in  the  unsaturated  zone  will  be 
used  in  ground-water  travel  time  calculations. 


8.3.5.12.3.1.1  Subactivity  1.6.3.1.1:  Unsaturated  zone  flow  analysis 

Objectives 

The  objective  of  this  subactivity  is  to  determine  pre-waste-emplacement 
unsaturated  flow  paths  from  the  disturbed  zone  to  the  water  table.   This 
description  of  flow  paths  will  be  performed  in  conjunction  with  Activity 
8.3.1.2.2.9.5.   The  fastest  path  of  likely  radionuclide  travel  through  the 
unsaturated  zone  will  be  identified. 

Description 

Concepts  of  the  behavior  of  fluid  flow  in  fractured,  unsaturated  tuff 
media  will  be  used  in  conjunction  with  Study  8.3.1.2.2.9  to  develop  and  apply 
two-dimensional  numerical  models  of  unsaturated  flow.   Flow  paths  in  the 
unsaturated  zone  will  be  simulated.   Likely  paths  of  radionuclide  travel  will 
be  identified. 


8.3.5.12.3.1.2  Subactivity  1.6.3.1.2:   Saturated  zone  flow  analysis 

Objectives 

The  objective  of  this  subactivity  is  to  determine  which  flow  paths  or 
set  of  paths  of  likely  radionuclide  travel  in  the  saturated  zone  will  be  used 
in  ground-water  travel  time  calculations. 

Description 

The  local  region  around  Yucca  Mountain  will  be  modeled  in  conjunction 
with  studies  described  in  Section  8.3.1.2.3  by  two-dimensional  finite-element 
analysis  to  support  the  ground-water  travel-time  calculations.   The  two- 
dimensional  models  will  be  evaluated  for  applicability  to  the  travel-time 
determination.   If  necessary  to  reach  the  necessary  confidence  in  travel-time 
predictions,  a  two-dimensional  model  of  a  single  layer  will  be  developed.  A 
three-dimensional  or  guasi-three-dimensional  modeling  approach  would  be 
developed  only  if  two-dimension  models  are  shown  to  be  inadequate.   The  head 
field  will  be  predicted  based  on  a  set  of  conductivity  values,  and  boundary 
head  values  will  be  interpreted  from  the  regional  model  developed  under 
Section  8.3.1.2.3.3.   The  finite-element  mesh  will  be  drawn  to  follow  known 
or  suspected  geologic  features  that  may  influence  fluid  flow.   Flow  paths 
will  be  simulated  in  the  saturated  zone.   This  activity  will  be  coordinated 
with  the  saturated  zone  modeling  performed  in  Section  8.3.1.2.3.3.3.   Part  of 
this  activity  will  entail  defining  the  boundary  of  the  accessible  environment 
based  on  the  direction  of  ground-water  flow  in  the  saturated  zone. 
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8.3.5.12.3.2  Application  of  results 

The  information  provided  for  the  satisfaction  of  this  information  need 
will  be  used  in  the  following  areas: 

1.  Input  to  Information  Need  1.6.4  (Section  8.3.5.12.4)  to  determine 
pre-waste-emplacement  ground-water  travel  time. 

2.  Input  to  Information  Needs  1.1.4  and  1.1.5  (Sections  8.3.5.13.4  and 
8.3.5.13.5)  to  use  in  prediction  of  radionuclide  transport  to  the 
accessible  environment  under  nominal  conditions. 

3.  Input  to  Information  Need  1.6.5  (Section  8.3.5.12.5)  to  use  in  the 
definition  of  the  disturbed  zone. 


8.3.5.12.4  Information  Need  1.6.4:  Determination  of  the  pre-waste- 
emplacement  ground-water  travel  time  along  the  fastest  path  of 
likely  radionuclide  travel  from  the  disturbed  zone  to  the 
accessible  environment 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Chapter  3  provides  information  on  current  estimates  of  ground-water 
travel  time. 

Parameters 

This  information  need  is  a  rollup  of  the  previous  information  needs 
under  this  issue.  Therefore,  the  output  from  these  information  needs  will  be 
used  as  the  basis  for  determining  the  pre-waste-emplacement  ground-water 
travel  time. 

Logic 

The  determination  of  the  pre-waste-emplacement  ground-water  travel  time 
should  account  for  spatial  and  temporal  variabilities  and  uncertainties  in 
the  data  and  models.   The  difficulty  of  quantifying  uncertainty  in  the 
performance  measure  for  the  ground-water  travel-time  objective  is  recognized 
by  the  NRC  (Codell,  1986) .  As  yet,  the  NRC  has  not  indicated  the  specific 
basis  under  which  a  ground-water  travel-time  modeling  approach  would  be 
judged  adequate  in  accounting  for  such  uncertainty. 

The  uncertainty  in  ground-water  travel  time  is  associated  with 
uncertainties  in  both  conceptual  models  and  measurement  of  hydrologic 
properties.   Ground-water  travel  time  is  considered  a  function  of  several 
specially  distributed  hydrologic  properties  such  as  effective  porosity  and 
permeability.  These  properties  are  spatially  distributed  in  a  heterogeneous 
fashion.  The  heterogeneity  is  characterized  by  a  length  scale  that 
approximately  expresses  the  spatial  correlation  of  hydrologic  properties. 
Uncertainty  will  always  exist  about  the  representative  values  for  effective 
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porosities,  hydraulic  conductivities,  and  moisture  contents  of  the  various 
rock  units  at  Yucca  Mountain,  particularly  in  unsampled  regions.   Conserva- 
tive assumptions  will  be  adopted  to  compensate  for  the  inherent  uncertainty 
in  the  data  and  models.  Means  and  variances  of  the  parameter  values  can  be 
estimated  and  used  with  a  Monte  Carlo  approach  to  account  for  the  uncertainty 
caused  by  heterogeneity.   If  spatially  varying  parameters  (represented  by  a 
covariance  matrix)  can  be  estimated,  then  stochastic  models  or  conditional 
simulations  will  be  applied.   Statistical  estimates  of  parameter  values  from 
results  of  well-designed  drilling,  sampling,  and  testing  programs  in  con- 
junction with  defensible  conceptual  models  based  on  appropriate  field  tests 
will  provide  a  guantified  ground-water  travel-time  distribution  function  that 
incorporates  most,  if  not  all,  sources  of  uncertainty. 

Ground-water  travel-time  values  are,  of  course,  highly  dependent  upon 
the  conceptual  hydrologic  models  (to  be  determined  within  Section  8.3.1.2) 
for  both  the  unsaturated  and  saturated  zones.  The  conceptual  hydrologic 
models  are  the  bases  for  the  formulation  of  the  mathematical  models  to  be 
used  in  predicting  future  hydrologic  behavior  of  the  site.   In  the  calcula- 
tion of  the  ground-water  travel-time  distribution  function  reguired  for 
resolution  of  this  issue,  uncertainties  in  the  conceptual  model  will  be 
addressed.   The  uncertainties  to  be  addressed  include  variations  in  the 
possible  modes  of  water  movement  (i.e.,  matrix  versus  fracture  flow),  the 
hydrologic  initial  and  boundary  conditions,  and  the  hydrologic  property 
values  and  their  intercorrelation.   These  uncertainties  will  be  investigated 
within  this  issue  and  the  geohydrology  program  (Section  8.3.1.2). 


8.3.5.12.4.1  Activity  1.6.4.1:  Calculation  of  pre-waste-emplacement 
ground-water  travel  time 

The  objective  of  this  activity  is  to  define  performance  measures  and 
perform  related  analyses  of  pre-waste-emplacement  ground-water  travel  time 
This  activity  includes  two  subactivities. 


8.3.5.12.4.1.1  Subactivity  1.6.4.1.1:   Performance  allocation  for  Issue  1.6 

Objectives 

The  objective  of  this  subactivity  is  to  continually  evaluate  and,  if 
necessary,  update  performance  allocation  for  Issue  1.6. 

Description 

Analyses  will  be  conducted  to  calculate  guantitative  estimates  of 
ground-water  travel  time.   The  predicted  values  can  be  compared  directly  with 
the  performance  goals  defined  for  issue  resolution.   The  strategy  for  issue 
resolution  outlined  in  Section  8.3.5.12  will  be  updated  if  necessary. 
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8.3.5.12.4.1.2  Subactivity  1.6.4.1.2:   Sensitivity  and  uncertainty  analyses 
of  ground-water  travel  time 

Objectives 

The  objective  of  this  subactivity  is  to  determine  the  sensitivity  and 
uncertainty  of  ground-water  travel  time. 

Description 

Sensitivity  analyses  will  be  performed  to  determine  how  the  ground-water 
travel  time  changes  as  a  function  of  changes  in  input  parameters  and  concep- 
tual models.   Complementary  uncertainty  analyses  will  be  done  to  determine 
how  much  confidence  may  be  placed  in  a  predicted  output  parameter  based  on 
uncertainties  in  input  parameters. 


8.3.5.12.4.1.3  Subactivity  1.6.4.1.3:  Determination  of  the  pre-waste- 
emplacement  ground-water  travel  time 

Objectives 

The  objective  of  this  subactivity  is  to  determine  pre-waste-emplacement 
ground-water  travel  time  at  the  Yucca  Mountain  site  for  comparison  with  the 
performance  objective  in  10  CFR  60.113(a) (2) . 

Description 

Pre-waste-emplacement  ground-water  travel  time  will  be  calculated  along 
the  fastest  path  of  likely  radionuclide  travel.  The  present  planning  basis 
is  to  calculate  ground-water  travel  times  in  accordance  with  the  description 
given  in  the  logic  section  for  this  information  need,  and  within  the  context 
of  the  uncertainties  that  result  from  the  absence  of  an  approved  definition 
and  approach  for  determining  the  "fastest  path  of  likely  radionuclide 
travel." 


8.3.5.12.4.2  Application  of  results 

The  information  will  be  used  in  determining  if  the  pre-waste-emplacement 
ground-water  travel  time  meets  the  1,000-yr  flow  time  requirement  of  10  CFR 
60.113(a)  (2)  in  the  environmental  impact  statement  and  safety  analysis 
report . 
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8.3.5.12.5  Information  Need  1.6.5:  Boundary  of  the  disturbed  zone 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Chapters  6  and  7  provide  design  data  for  current  estimates  of  the 
disturbed  zone.   Chapters  1,  2,  3,  and  4  provide  information  on  site 
characteristics  that  might  change  after  repository  development. 

Logic 

This  information  need  deals  with  determining  the  boundary  of  the  dis- 
turbed zone.   Because  the  location  of  the  boundary  of  the  disturbed  zone 
depends  on  repository-induced  changes  in  physical  or  chemical  properties  that 
may  have  a  significant  effect  on  the  performance  of  the  geologic  repository, 
it  is  different  from  the  remainder  of  the  information  needs  under  this  issue 
which  deal  only  with  pre-waste-emplacement  conditions. 

In  10  CFR  Part  60.2,  the  NRC  defines  the  disturbed  zone  as  "the  portion 
of  the  controlled  area  the  physical  or  chemical  properties  of  which  have 
changed  as  a  result  of  underground  facility  construction  or  as  a  result  of 
heat  generated  by  the  emplaced  radioactive  wastes  such  that  the  resultant 
change  of  properties  may  have  a  significant  effect  on  the  performance  of  the 
geologic  repository."  The  definition  poses  two  guestions: 

1.  What  physical  or  chemical  changes  can  have  a  significant  effect  on 
the  repository' s  performance? 

2.  What  constitutes  a  significant  effect  on  the  repository's 
performance? 

The  NRC  staff  addressed  these  questions  in  a  draft  generic  technical 
position  (GTP) :   "Interpretation  and  Identification  of  the  Disturbed  Zone  in 
the  High  Level  Waste  Rule;  10  CFR  Part  60"  (NRC,  1986b) .  The  NRC  staff 
proposed  that  the  disturbed  zone  be  defined  "by  the  zone  of  significant 
changes  in  intrinsic  permeability  and  effective  porosity  caused  by  construc- 
tion of  the  facility  or  by  the  thermal  effects  of  the  emplaced  waste."  This 
position  presumes  that  permeability  and  porosity  changes  are  appropriate 
surrogates  for  changes  in  performance.   The  NRC  staff  further  considers 
"that  the  pre-waste-emplacement  ground-water  travel  time  will  still  be  an 
appropriate  measure  of  the  overall  geologic  setting  performance  for  the 
purpose  of  licensing."  In  an  earlier  version  of  the  draft  GTP  (April  1985, 
page  8),  the  NRC  staff  explained  what  constitutes  a  significant  change  in 
intrinsic  permeability  and  effective  porosity;  "the  meaning  of  'significant' 
in  this  context  is  considered  to  be  about  a  factor  of  two  change  in  effective 
porosity,  which  would  generally  correspond  to  about  an  order  of  magnitude 
change  in  intrinsic  permeability."  Coupling  the  NRC  definition  with  the  NRC 
staff's  guidance,  the  Yucca  Mountain  Project  will  determine  the  size  of  the 
disturbed  zone  in  the  following  manner: 
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1 .  The  likely  paths  of  ground-water  travel  in  the  pre-waste-emplacement 
environment  will  be  identified  (Information  Need  1.6.3,  Section 
8.3.5.12.3) . 

2.  Ground-water  travel  time  along  these  paths  will  be  taken  as  a 
primary  indicator  of  performance,  as  related  to  the  definition  of 
the  boundary  of  the  disturbed  zone .  Because  of  the  general 
importance  of  effective  porosity  and  intrinsic  permeability  in 
calculating  travel  times,  changes  in  these  two  properties  along  the 
paths  (probably  confined  to  the  matrix,  not  the  fractures)  will  be 
taken  as  measures  used  to  define  the  boundary  of  the  disturbed  zone. 

3.  Repository-induced  changes  to  effective  porosity  and  intrinsic 
permeability  will  be  determined  along  the  identified  likely  paths  of 
ground-water  travel.   Because  the  likely  paths  are  presently 
expected  to  be  matrix-dominated  and  vertically  downward  in  the 
unsaturated  zone,  only  the  matrix  properties  will  be  considered  at 
this  time.   The  disturbed  zone  is  presumed  to  be  contained  entirely 
within  the  unsaturated  zone.   The  point (s)  along  the  paths  where 
effective  matrix  porosity  would  decrease  more  than  two  times  rela- 
tive to  the  pre-waste-emplacement  conditions  or  matrix  permeability 
would  decrease  by  a  factor  of  10  times  will  mark  the  outer  boundary 
of  the  disturbed  zone. 

As  more  information  becomes  available  regarding  possibilities  of 
fracture  flow,  lateral  ground-water  flow  and  paths  of  likely  ground-water 
travel  (Sections  8.3.1.2.2  and  8.3.1.2.3),  the  present  basis  for  defining  the 
boundary  of  the  disturbed  zone  will  be  reevaluated.   If  site  information 
indicates  that  the  likely  path  is  one  of  fracture-dominated  flow,  changes  in 
intrinsic  fracture  properties  rather  than  intrinsic  matrix  hydrologic 
properties  will  be  used  to  determine  the  boundary  of  the  disturbed  zone. 

Several  of  the  hydrogeologic  units  within  the  unsaturated  zone  may  be 
considered  in  calculations  that  investigate  how  the  repository  changes  the 
ground-water  flow  field.  Properties  and  conditions  in  some  of  these  units, 
particularly  those  more  than  50  to  100  m  from  the  waste,  will  probably  be 
needed  only  to  provide  accurate  boundary  conditions  for  analyses.  Only  the 
unsaturated  Topopah  Spring,  the  unsaturated  Calico  Hills  vitric,  and  the 
unsaturated  Calico  Hills  zeolitic  units  have  performance  measures  and  goals 
associated  with  delineation  of  the  disturbed  zone  boundary.   The  present 
concepts  of  ground-water  flow  and  design  of  the  repository  suggest  that  the 
boundary  of  the  disturbed  zone  probably  will  be  contained  within  the  Topopah 
Spring  welded  unit.  The  unsaturated  Calico  Hills  vitric  unit  and  Calico 
Hills  zeolitic  unit  are  assigned  goals  because  future  design  changes  could 
increase  the  areal  power  density  of  the  repository  enough  to  cause  signifi- 
cant property  changes  in  them,  particularly  temperature-induced  mineral 
alterations.   In  determining  an  approach  to  fulfilling  this  information  need, 
the  following  guidance  from  the  most  recent  NRC  draft  technical  position 
paper  (NRC,  1986b)  was  considered: 

A  disturbed  zone  of  five  diameters  for  circular  openings,  5  opening 
heights  for  noncircular  openings,  or  50  meters,  whichever  is  larg- 
est, from  any  underground  opening,  excluding  surface  shafts  and 
boreholes,  may  be  the  minimum  appropriate  distance  for  use  in 
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calculations  of  compliance  with  the  pre-waste-emplacement 
ground-water  travel-time  criterion. 

The  reference  design  for  the  Yucca  Mountain  repository  calls  for 
underground  openings  approximately  25  ft  (8  m)  wide  and  22  ft  (7  m)  high 
(Chapter  6) .   Five  times  the  maximum  dimension  is  40  m  and  is  less  than  50  m, 
therefore,  by  the  NRC  staff  guidance,  the  disturbed  zone  should  have  a 
minimum  value  of  50  m. 

Using  this  guidance  and  the  expectation  that  significant  effects  on  the 
performance  of  the  repository  will  be  caused  by  changes  in  the  hydrologic 
properties  within  the  Topopah  Spring  welded  unit,  site-specific  information 
will  determine  the  extent  of  the  disturbed  zone.   For  convenience  in  deter- 
mining what  this  information  should  be,  the  following  discussion  uses  the 
performance  allocation  terms  (performance  measures  and  goals)  developed  for 
the  issue  resolution  strategy  (Section  8.2).   The  performance  goals  assigned 
in  this  discussion,  if  met,  will  ensure  that  the  disturbed  zone  is  less  than, 
and  perhaps  much  less  than,  50  m  in  extent. 

Some  differences  exist  between  the  Yucca  Mountain  Project  and  the  NRC 
draft  GTP  in  the  approach  used  to  define  the  boundary  of  the  disturbed  zone. 
The  GTP  states  that  the  disturbed  zone  is  "the  zone  of  significant  changes  in 
intrinsic  permeability  and  effective  porosity"  where  "significant  changes" 
was  suggested  to  be  about  a  factor  of  two  change  in  effective  porosity  or  an 
order  of  magnitude  change  in  permeability.   10  CFR  60.2  states  that  the 
disturbed  zone  is  "that  portion  of  the  controlled  area  the  physical  or  chemi- 
cal properties  of  which  have  changed. . .such  that  the  resultant  change  of 
properties  may  have  a  significant  effect  on  the  performance  of  the  geologic 
repository."  The  Yucca  Mountain  Project  believes  10  CFR  Part  60  offers  the 
opportunity  for  a  more  realistic  and  flexible  approach  to  defining  the 
disturbed  zone.   The  guidance  in  the  GTP  infers  that  changes  in  the  intrinsic 
permeability  of  the  rock  mass  are  appropriate  surrogates  for  one  guantity, 
ground-water  travel  time,  which  itself  is  an  appropriate  surrogate  for  total 
repository  performance.   In  the  unsaturated  zone,  there  will  probably  not  be 
such  a  direct  correspondence  between  the  intrinsic  permeability  of  the  rock 
mass  and  ground-water  travel  time.  An  order-of-magnitude  change  in 
permeability  or  a  factor-of-two  change  in  porosity  of  either  the  matrix  or 
fractures  will  probably  cause  less  than  an  order-of-magnitude  change  in  the 
ground-water  travel  time.   The  definition  for  a  significant  change  in 
intrinsic  hydrologic  properties  may  be  different  for  the  Yucca  Mountain  site. 

The  GTP  suggests  a  minimum  distance  of  50  m  for  the  disturbed  zone 
boundary  based  largely  upon  considerations  of  stress  redistribution  around 
openings.   The  GTP  states  that  the  no-stress-change  contour  (at  which 
presumably  changes  in  permeability  will  be  eliminated)  could  be  conserva- 
tively estimated  to  be  about  five  times  the  opening  height  for  noncircular 
openings  or  five  times  the  diameter  for  circular  openings.   Using  10  m  as  the 
appropriate  length,  a  value  of  50  m  was  obtained.   However,  the  Yucca  Moun- 
tain Project  believes  that  the  distance  to  a  contour  of  minimal  changes  in 
permeability  is  more  likely  to  be  two  to  three  diameters  (Rautman  et  al., 
1987) .  This  could  place  the  boundary  of  the  disturbed  zone  at  much  less  than 
50  m. 
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Because  the  Yucca  Mountain  Project  considers  the  boundary  of  the  dis- 
turbed zone  to  be  at  a  distance  dictated  by  effects  on  the  performance  of  the 
repository,  that  boundary  may  be  significantly  less  than  the  50-m  boundary 
suggested  by  the  NRC  GTP .   Ground-water  travel  time  is  acknowledged  by  the 
DOE  as  strongly  associated  with  the  overall  performance  of  the  repository. 
Effective  porosity  and  permeability  are  tentatively  accepted  as  reasonable 
surrogates  for  ground-water  travel  time.   For  this  reason,  all  performance 
measures  for  this  information  need  are  related  to  induced  changes  in  matrix 
permeability  and  effective  porosity.   The  changes  in  matrix  properties  are  of 
primary  concern  because  the  movement  of  water  is  currently  thought  to  be 
primarily  through  the  tuff  matrix. 

Table  8.3.5.12-4  lists  the  processes  of  concern  in  defining  the  boundary 
of  the  disturbed  zone;  they  are  processes  that  could,  in  principle,  change 
the  intrinsic  hydrologic  properties  of  the  rock.   The  processes  listed  in  the 
table  are  based  on  the  NRC  draft  technical  position  paper,  which  suggested 
the  following  processes  be  considered  in  determining  the  boundary  of  the 
disturbed  zone:  (1)  stress  redistribution,  (2)  construction  and  excavation, 
(3)  thermomechanical  processes,  and  (4)  thermochemical  processes.   The  first 
three  of  these  processes  could  change  the  permeability  of  the  matrix. 
Because  ground-water  flow  is  expected  to  be  dominantly  through  the  matrix, 
stress  redistribution,  which  primarily  affects  fracture  hydrologic  proper- 
ties, is  not  expected  to  affect  the  location  of  the  disturbed  zone  boundary. 
"Fracture  activation  caused  by  mining  and  heating, "  is  listed  in  Table 
8.3.5.12-4  to  represent  the  first  three  processes.   The  fourth  process, 
thermochemical  processes,  is  addressed  by  the  remaining  four  entries  in  the 
table,  one  for  each  of  the  hydrogeological  units  that  are  within  about  100  m 
of  the  repository  horizon. 

Matrix  porosity  and  permeability  are  listed  explicitly  as  performance 
measures  only  for  the  Topopah  Spring  welded  unit  because  it  is  the  only  unit 
along  the  expected  path  of  ground-water  flow  from  the  repository  to  the 
water  table  in  which  it  is  thought  there  could  be  significant  changes  in 
hydrologic  properties.  Until  "significant  change"  in  matrix  porosity  and 
permeability  is  defined  for  the  Yucca  Mountain  site,  the  disturbed  zone  will 
be  approximated  by  the  extent  of  (1)  increases  in  matrix  permeability  of  more 
than  an  order  of  magnitude  and  (2)  decreases  in  matrix  porosity  of  more  than 
a  factor  of  2. 

A  temperature  limit  is  used  as  a  performance  measure  for  the  remainder 
of  the  units.   The  associated  performance  goal  of  115°C  was  set  to  limit 
mineral  alteration  and  dehydration.   This  goal  is  indirectly  related  to 
changes  in  intrinsic  porosity  and  permeability.  At  this  time,  this  goal  is 
also  expected  to  limit  the  changes  in  intrinsic  hydrologic  properties  to 
values  no  greater  than  those  used  as  a  performance  goal  for  the  Topopah 
Spring  welded  unit.   This  assumption  will  be  tested  as  part  of  the  geochem- 
istry program  described  in  Section  8.3.1.3. 

Because  the  definition  of  the  disturbed  zone  is  not  governed  by  any 
direct  numerical  regulatory  criteria,  and  because  it  is  expected  that  the 
ability  to  show  compliance  with  the  1,000-yr  ground-water  travel-time  per- 
formance criterion  will  not  be  very  sensitive  to  the  quantitative  definition 
of  the  disturbed  zone  boundary  (Issue  1.6),  the  confidence  level  for  each 
performance  goal  in  Table  8.3.5.12-4  is  set  qualitatively  as  "medium." 
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Parameters 

The  information  required  to  address  Information  Need  1.6.5  is  listed  in 
Table  8.3.5.12-5.  These  information  items  are  required  under  the  assumption 
of  matrix-dominated  flow.   If  this  assumption  is  shown  to  be  invalid,  the 
current  strategy  will  be  modified  and  additional  fracture  flow  character- 
istics may  be  required.   However,  those  additional  parameters  are  already 
called  for  by  Information  Need  1.6.1  (Section  8.3.5.12.1)  and  it  is  believed 
that  no  testing  would  be  required  by  this  information  need. 

The  following  steps  will  be  used  to  define  and  provide  supporting 
evidence  for  the  boundary  of  the  disturbed  zone: 

Step  1 .  Obtain  information  on  the  likely  ground-water  flow  path  and 
mode  of  travel  from  the  repository  to  the  water  table 
environment  before  waste  emplacement.   Determine  the  values 
of  intrinsic  matrix  permeability  and  effective  matrix 
porosity  along  this  path.   If  continuous  fracture  flow 
becomes  the  likely  ground-water  flow  path,  reevaluate  the 
present  strategy  used  to  determine  the  boundary  of  the 
disturbed  zone.   The  locations  of  the  likely  ground-water 
flow  paths  and  modes  of  flow  from  the  repository  to  the  water 
table  are  needed  to  make  this  decision. 

Step  2.  Obtain  predictions  of  matrix  hydrologic-porosity  changes 
(porosity  and  permeability)  under  expected  repository 
conditions.  Matrix  porosity  and  permeability  changes  as  a 
result  of  geochemical  alteration  are  needed  to  complete  this 
step. 

Step  3.  Evaluate  the  extent  and  duration  of  repository-induced 
changes  along  the  flow  path  of  interest  by  performing 
thermohydrologic  analyses  using  data  that  bound  the  expected 
site  characteristics  (i.e.,  include  the  repository-induced 
changes  in  site  characteristics) . 

Step  4.  Determine  quantitatively  what  would  be  considered  a  significant 
change  in  the  intrinsic  hydrologic  properties  by  considering 
how  the  ground-water  travel  time  before  repository  construc- 
tion and  waste  emplacement  compares  with  what  could  be 
expected  after  repository  construction  and  waste  emplacement 
in  the  portion  of  the  rock  that  has  been  changed.   The 
original  range  and  mean  of  the  matrix  hydrologic  properties 
will  also  be  considered  in  determining  a  quantitative  value 
for  a  significant  change  in  hydrologic  properties.  The 
results  of  step  3  will  be  needed  to  complete  this  step. 

Step  5.   Review  the  repository-induced  changes  in  ground-water  flow  to 
determine  whether  there  are  other  repository-induced  changes 
identified  in  step  3  that  could  significantly  change  the 
ground-water  travel  time  from  the  repository  to  the  acces- 
sible environment.   Evaluate  whether  a  new  strategy  for 
determining  the  boundary  of  the  disturbed  zone  should  be 
initiated. 
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Table  8.3.5.12-5.   Parameter  needs  for  defining  the  disturbed  zone 


Item 
number  Information  item  description 


1  Location  of  the  likely  ground-water  flow  path  and  mode  of  flow 

from  the  repository  to  the  water  table 

2  Predicted  average  travel  time  and  bounds  on  the  travel  time 

along  the  fastest  unperturbed  path  from  the  repository 
location  to  the  accessible  environment 

3  Reference  underground  facility  designs  (including  borehole 

spacing  and  spacing  waste  canisters  within  the  emplacement 
holes) 

4  Thermal  decay  characteristics  of  the  waste  package 

5  In  situ  temperature  conditions 

6  Bulk  density 

7  Altitude  of  the  hydrogeologic  unit  contacts 

8  Location  and  displacements  of  faults  within  approximately 

0.5  km  of  the  outer  repository  boundary 

9  Altitude  of  the  water  table 

10  Location  of  any  perched-water  zones 

11  Thermal  properties  of  the  rock  as  a  function  of  saturation 

(including  thermal  conductivity  and  heat  capacity)  thermal 
expansion 

12  Saturation  (and  moisture  content)  values  as  a  function  of 

depth  and  lateral  spatial  location 

13  Pressure  head  values  as  a  function  of  depth  and  lateral  spatial 

location 

14  Thermohydrologic  response  of  test  under  nonisothermal  test 

conditions 

15  Fracture  and  matrix  saturated  permeability 

16  Relative  permeability  for  the  fracture  network  and  matrix  as  a 

function  of  temperature 
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Table  8.3.5.12-5.   Parameter  needs  for  defining  the  disturbed  zone 

(continued) 


Item 
number  Information  item  description 


17  Gas  relative  conductivity  for  the  fracture  network  and  matrix 

as  a  function  of  temperature 

18  Moisture  retention  curves  for  wetting  and  draining 

19  Effective  porosity  and  porosity  of  the  fracture  network,  fault 

zones,  rock  mass,  and  matrix 

20  Changes  in  porosity  and  permeability  of  matrix  due  to 

construction  and  heat  from  waste  emplacement 

21  Ground-water  percolation  flux  at  the  top  of  TSw2  (portion  of 

Topopah  Spring  welded  unit  proposed  for  repository  unit) 


Step  6.   If  necessary,  revise  the  preliminary  estimate  of  the  boundary 
of  the  disturbed  zone  using  the  new  predictions  of  matrix 
hydrologic  property  changes  and  the  guantitative  definition 
of  significant  property  changes  determined  in  Step  4. 


8.3.5.12.5.1  Activity  1.6.5.1:   Ground-water  travel  time  after  repository 
construction  and  waste  emplacement 

Objectives 

The  objective  of  this  activity  is  to  predict  the  ground-water  travel 
time  to  the  water  table  using  the  hydrologic  properties  changed  as  a  result 
of  repository  construction  and  waste  emplacement  for  comparing  pre-  and 
postemplacement  travel  times  to  establish  the  extent  of  the  disturbed  zone. 

Description 

Using  a  combination  of  (1)  a  two-phase,  nonisothermal  flow  code  with  the 
region  of  significant  temperature  changes  and  (2)  an  unsaturated  isothermal 
code  outside  that  region  with  boundary  conditions  determined  from  a  thermal- 
conduction  calculation,  the  movement  of  gas  and  liguid  along  with  the 
temperature  distribution  in  the  near-field  region  as  a  function  of  time  will 
be  predicted.  The  following  information  will  be  used  to  help  determine  the 
geometry  and  boundary  conditions  for  the  problem:   (1)  reference  underground 
facility  designs,  (2)  distribution  of  rock  properties,  (3)  temperature  at  the 
water  table  and  the  surface,  (4)  geothermal  gradient,  (5)  location  of  the 
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ater  table,  and  (6)  initial  pressure  head  and  saturation  conditions.  The 
ollowing  information  will  be  used  as  input  for  the  calculations:   (1)  ini- 
ial  pressure  head  and  saturation  conditions,  (2)  hydrologic  properties  of 
he  rock  units  before  and  after  repository  construction  and  waste  emplacement 
items  16  through  21  from  the  parameter  list),  (3)  thermal  properties  of  the 
Dck  units  (the  Topopah  Spring  as  well  as  surrounding  rock  units),  (4)  bulk 
ansity,  (5)  hydrologic  and  thermomechanical  unit  contacts,  and  (6)  location 
t  perched-water  zones. 


1  3.5.12.5.2  Activity  1.6.5.2:  Definition  of  the  disturbed  zone 
)  'jectives 

The  objective  of  the  activity  is  to  reevaluate  the  definition  of  the 
I.  sturbed  zone. 

'<  scription 

i   This  activity  will  reevaluate  and,  if  necessary,  refine  the  boundary  of 
te  disturbed  zone  using  the  following  information:   (1)  preliminary  defini- 
:dh  of  the  boundary  of  the  disturbed  zone,  (2)  the  NRC  guidance,  (3)  the 
\arage  and  fastest  likely  path  of  a  nonsorbing  radionuclide,  (4)  predicted 
cjnds  on  the  travel  time  along  the  average  and  fastest  unperturbed  path  from 

\   repository  location  to  the  accessible  environment,  and  (5)  changes  in 
lyirologicrock  characteristics  that  are  significant.  Although  this  activity 
s  identified  only  once,  it  may  be  a  recurring  one.  The  possibility  of 
bcurrence  depends  on  changes  in  NRC  guidance  and  the  understanding  of  the 
■nnges  in  properties  caused  by  the  repository. 


•5.12.5.3  Application  of  results 
The  resolution  of  Issue  1.6  will  use  the  boundary  of  the  disturbed  zone. 

•5-12.6  Schedule  for  ground-water  travel  time  (Issue  1.11) 

Issue  1.6  (ground-water  travel  time)  includes  five  information  needs, 
J«n  contain  six  performance  assessment  activities.   The  schedule  infor- 
jtnon  for  these  performance  assessment  activities  is  summarized  in  Figure 

-•5.12-9.  This  figure  includes  the  performance  assessment  activity  number 
«c  a  brief  description,  as  well  as  major  events  associated  with  each 

.-vity.  A  major  event,  for  purposes  of  these  schedules,  may  represent  the 

illation  or  completion  of  an  activity,  completion  or  submittal  of  a  report 

he  DOE,  an  important  data  feed,  or  a  decision  point.  Solid  lines  on  the 

p-saule  represent  activity  durations  and  dashed  lines  show  interfaces  among 

]  vities  as  well  as  data  transferred  into  or  out  of  this  performance 

I>  ssment  issue.  The  events  shown  on  the  schedule  and  their  planned  dates 
ompletion  are  provided  in  Table  8.3.5.12-6. 
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The  activity-level  schedules,  in  combination  with  information  provided 
in  the  logic  diagram  for  this  issue  (Figure  8.3.5.12-8),  are  intended  to 
provide  the  reader  with  a  basic  understanding  of  the  relationships  between 
major  elements  of  the  site,  performance,  and  design  programs.   The  infor- 
mation provided  in  Table  8.3.5.12-6  and  Figure  8.3.5.12-9,  however,  should  be 
viewed  as  a  snapshot  in  time. 

The  overall  program  schedule  presented  here  is  consistent  with  the  Draft 
Mission  Plan  Amendment  (DOE,  1988a) .   The  site  characterization  program  will 
undergo  a  series  of  refinements  following  issuance  of  the  statutory  SCP . 
Refinements  will  consider  factors  both  internal  and  external  to  the  site 
characterization  program,  such  as  changes  to  the  quality  assurance  program. 
Such  refinements  are  to  be  considered  in  ongoing  planning  efforts,  and 
changes  that  are  implemented  will  be  reflected  in  the  semiannual  progress 
reports.   Summary  schedule  information  for  this  and  other  postclosure 
performance  assessment  issues  can  be  found  in  Sections  8.5.2.2  and  8.5.6. 
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8.3.5.13  Issue  resolution  strategy  for  Issue  1.1:  Will  the  mined  geologic 
disposal  system  meet  the  system  performance  objective  for  limiting 
radionuclide  releases  to  the  accessible  environment  as  required  by 
10  CFR  60.112  and  40  CFR  191.13? 

Regulatory  basis  for  the  issue 

The  regulation  that  governs  this  issue  is  given  in  Section  60.112  of 
10  CFR  Part  60.   This  regulation  implements  the  containment  requirements  of 
40  CFR  191.13(a) : 

Disposal  systems  for  spent  nuclear  fuel  or  high-level  or 
transuranic  wastes  shall  be  designed  to  provide  a  reasonable 
expectation,  based  upon  performance  assessments,  that  the 
cumulative  releases  of  radionuclides  to  the  accessible  environment 
for  10,000  years  after  disposal  from  all  significant  processes  and 
events  that  may  affect  the  disposal  system  shall: 

(1)  Have  a  likelihood  of  less  than  one  chance  in  10  of  exceeding 
the  quantities  calculated  according  to  Table  1  (Appendix  A) ; 
and 

(2)  Have  a  likelihood  of  less  than  one  chance  in  1,000  of  exceeding 
ten  times  the  quantities  calculated  according  to  Table  1 
(Appendix  A) . 

Appendix  A  of  40  CFR  Part  191  gives,  in  table  form,  the  radionuclide 
release  limits  that  will  be  used  to  make  the  calculations  referred  to  above. 
These  limits,  expressed  as  curies  (Ci)  per  1,000  MTHM,  are  the  release  limits 
for  each  radionuclide  to  be  used  in  calculating  the  normalized  release  to  the 
accessible  environment  per  Appendix  A,  40  CFR  Part  191  and  are  as  follows: 


Americium-241  or  243  100 

Carbon-14  100 

Cesium-135  or  137  1,000 

Iodine-129  100 

Neptunium-237  100 

Plutonium-238,  239,  240,  or  242  100 

Radium-226  100 

Strontium-90  1,000 

Technetium-99  10,000 

Thorium-230  or  232  10 

Tin-126  1,000 

Uranium-233,  234,  235,  236,  or  238  100 
Any  other  alpha-emitting  radionuclide 

with  a  half-life  greater  than  20  years  100 
Any  other  radionuclide  with  a  half-life 

greater  than  20  years  that  does  not 

emit  alpha  particles  1,000 

Note  that  these  limits  do  not  represent  the  maximum  allowable  cumulative 
release  of  these  radionuclides  when  more  than  one  radionuclide  is  released 
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during  the  performance  period.  Adjustments  for  fuel  burnups  are  also  needed 
(see  Appendix  A,  40  CFR  Part  191)  . 

The  U.S.  Department  of  Energy  (DOE)  understands  the  term  "accessible 
environment"  to  mean  (1)  the  atmosphere,  (2)  land  surfaces,  (3)  surface 
waters,  (4)  oceans,  and  (5)  all  the  lithosphere  that  is  beyond  the  controlled 
area.   Likewise,  the  DOE  understands  the  term  "controlled  area"  to  mean  (1)  a 
surface  location,  to  be  identified  by  passive  institutional  controls,  that 
encompasses  no  more  than  100  km2  and  extends  horizontally  no  more  than  5  km 
in  any  direction  from  the  outer  boundary  of  the  underground  facility,  and 

(2)  the  subsurface  underlying  such  a  surface  location. 

The  phrase  "significant  processes  and  events  that  may  affect  the 
geologic  repository"  is  interpreted  as  meaning  likely  natural  events  and  such 
other  processes  and  events  that  could  affect  a  geologic  repository  and  are 
sufficiently  credible  to  warrant  consideration.   Significant  processes  and 
events  that  may  affect  a  geologic  repository  may  either  be  natural  processes 
and  events  or  processes  and  events  initiated  by  human  activities  other  than 
those  licensed  under  10  CFR  Part  60.   Processes  and  events  initiated  by  human 
activities  may  only  be  found  to  be  sufficiently  credible  to  warrant  consider- 
ation if  it  is  assumed  that:  (1)  the  monuments  provided  for  by  this  part  are 
sufficiently  permanent  to  serve  their  intended  purpose;  (2)  the  value  to 
future  generations  of  potential  resources  within  the  site  can  be  assessed 
adequately  under  the  applicable  provisions  of  this  part;  (3)  an  understanding 
of  the  nature  of  radioactivity,  and  an  appreciation  of  its  hazards,  has  been 
retained  in  some  functioning  institutions;  (4)  institutions  are  able  to 
assess  risk  and  to  take  remedial  action  sufficient  to  prevent  persistent  or 
systematic  releases  resulting  from  human-induced  disruptions  of  a  repository; 
and  (5)  relevant  records  are  preserved,  and  remain  accessible,  for  several 
hundred  years  after  permanent  closure. 

Overview  of  the  performance  assessments  for  this  issue 

The  DOE  plans  to  demonstrate  compliance  with  the  total  system  perform- 
ance objective  by  conducting  performance  assessments.  These  performance 
assessments  will  (1)  identify  all  significant  processes  and  events  that  may 
affect  the  geologic  repository,  (2)  evaluate  the  effects  of  these  processes 
and  events  on  the  release  of  radionuclides  to  the  accessible  environment, 

(3)  combine  estimates  of  these  effects  to  the  extent  practicable  into  a  com- 
plementary cumulative  distribution  function  (CCDF)  displaying  the  likelihood 
that  the  amount  of  radioactive  material  released  to  the  accessible  environ- 
ment will  not  exceed  the  specified  values,  and  (4)  compare  the  numerical  pre- 
dictions with  the  performance  objective,  evaluating  the  importance  of  any 
uncertainties  on  conclusions  from  this  comparison. 

The  significant  processes  and  events  to  be  taken  into  account  in  these 
performance  assessments  will  be  identified  by  developing  scenarios  that 
specify  a  sequence  of  processes  and  events  potentially  resulting  in  signifi- 
cant impacts  on  the  variables  of  the  systems  important  to  waste  isolation. 
Scenarios  will  be  developed  for  undisturbed  conditions  (those  conditions 
caused  by  likely  natural  events)  and  for  disturbed  conditions  that  are  suffi- 
ciently credible  to  warrant  consideration.   In  addition  to  providing  an 
approach  to  organizing  the  information  regarding  significant  processes  and 
events  for  this  issue,  these  scenarios  provide  a  vehicle  for  the  evaluation 
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of  the  favorable  and  potentially  adverse  conditions  of  10  CFR  60.122  for  the 
resolution  of  Issue  1.8  (Section  8.3.5.17). 

The  remainder  of  this  section  discusses  a  methodology  for  the  perform- 
ance assessments  and  for  defining  suitable  information  needs  for  the  resolu- 
tion of  this  issue.  The  methodology  that  will  actually  be  used  in  preparing 
the  license  application  may  differ  from  the  methodology  proposed  here.   For 
example,  information  developed  during  the  site  characterization  may  suggest  a 
different  approach  that  may  be  more  efficient  in  conveying  the  assessment  of 
the  repository.   However,  it  is  the  judgment  of  the  DOE,  based  upon  the 
available  information,  that  the  proposed  approach  will  lead  to  the 
information  needed  for  the  DOE  to  present  its  case  for  the  Yucca  Mountain 
site,  whichever  methodology  is  chosen. 

The  following  discussion  addresses  five  topics: 

1.  Methods  for  constructing  a  CCDF. 

2.  A  preliminary  selection  of  events,  processes,  and  scenario  classes 
for  the  Yucca  Mountain  repository  site. 

3.  Models  for  evaluating  radionuclide  releases  in  the  scenario  classes. 

4.  A  preliminary  performance  allocation  for  Issue  1.1. 

5.  Summary  of  licensing  and  issue  resolution  strategy  for  Issue  1.1. 

1 .  Methods  for  constructing  a  complementary  consulative  distribution 
function 

Definitions 

With  noted  exceptions,  the  following  definitions  of  terms  are  used 
throughout  the  remainder  of  this  section.   The  term  "period  of  performance" 
means  the  10,000-yr  period  that  follows  closure  of  the  repository.  An 
"event"  means  a  natural  or  anthropogenic  phenomenon  that  takes  place  during 
an  interval  of  time  that  is  very  short  compared  with  the  period  of 
performance;  for  all  practical  purposes,  events  are  regarded  as  discrete 
occurrences.  Conversely,  a  "process"  means  a  natural  or  anthropogenic 
phenomenon  that  exhibits  continuous  change  over  the  entire  period  of 
performance.  A  "feature"  (usually  modified  by  the  adjectives  "undetected"  or 
"undiscovered")  means  an  object,  structure,  or  condition  that  may  exist  at 
the  repository  site  at  the  time  of  closure.  A  "scenario"  means  a  sequence  of 
definite  types  of  events  and  processes  that  act  or  occur  during  the  period  of 
performance  with  prescribed  intensities,  at  prescribed  epochs  or  for 
prescribed  durations,  in  a  prescribed  order  of  occurrence.  A  "scenario 
class"  (or  class  of  scenarios)  is  defined  as  the  collection  of  all  scenarios 
involving  definite  types  of  events  or  processes,  but  with  intensities,  epochs 
of  occurrence  or  durations,  and  orders  of  occurrence  allowed  to  range  freely 
over  the  physically  possible  numerical  values.   The  word  "consequence"  means 
the  magnitude  of  the  normalized,  cumulative  release  of  radioactivity  that 
would  occur  should  a  given  scenario  be  realized  ("normalized  release"  is 
defined  later) .   The  term  "containment"  as  applied  in  the  EPA  standard,  is 
the  same  as  the  term  "isolation,"  as  applied  by  the  NRC  and  in  this  document. 
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Terms  and  concepts  of  probability  theory  are  also  frequently  used  in  the 
following  pages  e.g.,  random  variable,  mean,  or  expectation,  distribution 
function,  and  density  function.   Readers  who  are  unfamiliar  with  these  terms 
are  urged  to  consult  textbooks  on  the  subject  for  their  precise  meanings. 
The  texts  by  Feller  (1960,  1966)  and  Ross  (1985)  are  used  as  primary  referen- 
ces in  this  section.   Other  terms  are  defined  as  needed  throughout  the 
remainder  of  this  section. 

Conceptual  and  mathematical  background 

Quantitative  predictions  of  the  behavior  of  a  geologic  waste  disposal 
system  over  periods  of  thousand  of  years  are  necessarily  theoretical  and 
mathematical.   Like  other  mathematical  assessments  of  complex  systems,  an 
assessment  of  the  future  performance  of  a  geologic  waste  disposal  system  must 
eventually  be  expressed  in  terms  of  a  finite  number  of  "performance 
measures,"  which  are  usually  numerical.   Calculated  values  of  these 
performance  measures  can  be  compared  with  predetermined  numerical  criteria 
that  presumably  define  an  acceptable  range  of  system  behavior  and  then 
judgments  concerning  the  relative  worth  of  the  system  can  be  made  on  the 
basis  of  these  comparisons. 

The  performance  criterion  in  this  case  is  specified  in  the  containment 
requirements  of  the  EPA  standard,  40  CFR  191.13,  which  is  to  be  implemented 
by  the  NRC  performance  objective  for  overall  system  performance.   This 
criterion  implicitly  defines  a  performance  measure  of  the  form 

M  =  Y^  (8.3.5.13-1) 

where 

M      =   normalized  release  from  the  total  system, 

<?,   =   cumulative  radioactivity  of  the  ixh    radionuclide  released  to  the 
accessible  environment  in  the  10,000-yr  period  following  closure 
from  significant  processes  and  events  that  may  affect  the 
disposal  system  (Ci) , 

L,  =   release  limit  for  the  Ph    radionuclide  as  specified  in  the 

regulations  (Ci) .   (See  40  CFR  Part  191,  Appendix  A,  for  the 
calculation  of  these  limits.) 

The  values  of  the  performance  measure  (Af)  are  not  to  be  simply  estimated 
and  compared  with  a  range  of  acceptable  standard  values,  as  might  be  done  for 
a  different  kind  of  system.   In  the  guidance  and  discussion  sections  of  40 
CFR  Part  191  relating  to  the  EPA  containment  standard,  40  CFR  191.13(a),  it 
is  explicitly  recognized  that  considerable  uncertainty  will  attach  to 
estimates  of  M  because  of  the  length  of  the  period  of  performance  and  the 
difficulties  inherent  in  predicting  far-future  system  behavior.   Therefore, 
the  regulations  imply  that  M  must  be  treated  not  as  a  single  number  or  range 
of  numbers,  but  as  a  random  variable. 
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The  random  variable  M  may  be  described  by  a  cumulative  distribution 
function  (CDF) ;  the  EPA  containment  standard  places  conditions  on  the  form 
taken  by  the  CDF  by  specifying  limits  on  its  complementary  cumulative  dis- 
tribution function  (CCDF) .   In  terms  of  the  CCDF,  the  containment  standard 
reads 

Pr{M  >  1.0}  <  0.1 
Pr{M>  10.0}  <  0.001  (8.3.5.13-2) 

where  Pr{e}  stands  for  the  probability  that  the  statement  V  is  true. 

A  CCDF  is  always  a  nonincreasing  function  of  a  variable,  say  m,  which  in 
the  problem  of  present  interest  ranges  from  zero  to  the  normalized  inventory 
of  the  repository  closure.   (A  hypothetical  CCDF  is  shown  as  the  solid  curve 
in  Figure  8.3.5 . 13-la. )   To  show  this  dependence,  the  CCDF  will  hereinafter 
be  denoted  by 

G{m)  =  Pr{M  >  m} 

How  would  one  experimentally  construct  G(m)7     In  principle,  one  might  imagine 
the  following  experiment  (which  will  be  called  a  "thought  experiment"  for 
convenience  in  cross  referencing) :   Construct  a  large  number  of  replicas  of 
the  system,  begin  operation  of  each  replica  at  some  common  time,  and  at  the 
end  of  the  period  of  performance  observe  the  number  of  replicas  for  which  M 
exceeds  any  one  of  a  set  of  predetermined  values,  say  10" 1,  1,  101,  102,  103. 
If  the  replicas  were  real  systems,  there  would  always  be  some  uncertainty  in 
the  initial  state  of  each  replica  and  the  physical  conditions  under  which 
each  replica  evolved  during  the  period  of  performance;  conseguently,  the 
outcomes  of  the  experiment  would  very  likely  be  different  for  each  replica. 
Because  the  replicas  are  all  prepared  in  the  same  way,  each  is  equally  likely 
to  correspond  to  the  "real"  system.   By  plotting  a  histogram  of  the  relative 
frequency  of  the  number  of  replicas  that  are  observed  to  exceed  each 
predetermined  value  (i.e.,  the  number  of  replicas  exceeding  that  value 
divided  by  the  number  of  replicas  in  the  experiment) ,  one  would  end  up  with  a 
step-like  approximation  to  a  continuous  curve  very  much  like  the  one  shown  in 
Figure  8.3.5.13-lb.   Such  a  curve  is  called  an  empirical  CCDF.   By  increasing 
the  fineness  of  the  grid  of  predetermined  exceedance  values  and  the  number  of 
replicas  in  the  "thought"  experiment,  the  empirical  CCDF  could  be  made  to 
approach  a  continuous  curve  such  as  the  one  shown  in  Figure  8. 3. 5. 13-la. 

In  practice,  such  an  experimental  construction  of  the  CCDF  for  a  waste 
disposal  system  is  impossible.  Nevertheless,  the  experiment  may  be  mimicked 
with  mathematical  models  of  the  system  which  are  capable  of  generating  sample 
values  of  M  when  given  a  numerical  specification  of  the  physical  states  of 
the  system  during  the  period  of  performance.  The  mathematical  models, 
invariably  implemented  by  computer  code,  are  used  to  generate  a  large  number 
of  sample  A/' s;  this  action  replaces  the  simultaneous  observation  of  the 
outcomes  for  the  large  number  of  system  replicas  in  the  "thought"  experiment. 
To  correspond  to  the  identically  prepared  system  replicas,  the  states  of  the 
system  during  the  period  of  performance  must  be  specified  in  a  way  that 
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Figure  8.3.5.13-la.      Graphic  representation  of  Environmental  Protection  Agency  (EPA)  containment  requirements 
Modified  from  I\IRC  (1968) 
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properly  reflects  their  probabilities.   The  sample  M'  s  so  generated  may  then 
be  plotted  as  a  histogram  to  give  an  empirical  CCDF.   Roughly  speaking,  this 
is  the  way  the  step-like  curve  in  Figure  8.3.5.13-lb  (taken  from  Hunter 
et  al . ,  1986)  was  actually  constructed. 

Formulating,  testing,  and  validating  the  mathematical  models  to  be  used 
in  mimicking  the  replicas  of  the  "thought"  experiment  are  by  far  the  major 
tasks  of  performance  assessment.  An  extended  discussion  of  mathematical 
modeling  of  phenomena  relevant  to  geologic  waste  disposal  is  beyond  the  scope 
of  this  section  (although  there  will  be  some  description  of  systems-level 
models  later  in  the  section  entitled  "models  for  evaluating  radionuclide 
releases  in  the  scenario  classes."  Here,  it  will  simply  be  assumed  that 
there  exists  a  collection  of  formulae  and  algorithms  which,  when  implemented 
on  a  high-speed  digital  computer,  are  capable  of  transforming  any  scenario 
into  a  value  of  the  performance  measure  M. 

An  idealized  geologic  repository  system  must  be  described  ultimately  by 
a  finite  number  if  dependent  variables  (here  called  performance  measures) . 
In  turn,  the  performance  measures  are  functionally  dependent  upon  a  finite 
number  of  independent  variables,  which  are  called  state  variables.   The 
number  and  nature  of  the  state  variable  depend  upon  the  level  of  detail  at 
which  the  system  is  modeled  and  upon  the  kinds  of  scenarios  to  be  included  in 
the  modeling  efforts.   In  general,  state  variables  can  be  arranged  in  a 
hierarchy,  with  certain  directly  measured  physical  properties  of  the  system 
(i.e.,  the  data  to  be  obtained  during  site  characterization)  forming  the  base 
of  the  hierarchy.  Above  the  base  a  graded  series  of  aggregations  of 
quantities,  each  derived  from  measured  properties  and  theory  or  from  theory 
alone  form  the  next  lower  aggregation  in  the  series. 

Some  concrete  examples  of  highly  aggregated  state  variables  for  the 
Yucca  Mountain  system  are 

1.  Mass  of  the  i'lh  radionuclide  in  the  repository  at  closure  time. 

2.  Average  percolation  flux  at  repository  level. 

3.  The  liquid-phase  transport  time  of  the  *'th  radionuclide  from  the 
repository  level  to  the  accessible  environment. 

4.  The  times  of  occurrence  of  displacement  of  the  Ghost  Dance  Fault 
greater  than  1  m. 

5.  The  depth  of  penetration  of  a  future  episode  of  exploratory 
drilling. 

6.  The  annual  rate  of  erosion  of  the  washes  at  Yucca  Mountain. 

7.  The  effective  weights  assigned  by  professional  judgment  to 
alternative  conceptual  models  of  some  site  phenomenon  or  the 
response  of  the  system  to  a  known  site  phenomenon. 

In  any  case,  there  will  exist  a  level  in  the  hierarchy  of  state 
i,  variables  at  which  the  aggregations  of  quantities  are  judged  to  be  sufficient 
to  describe  the  occurrence,  intensity,  and  perhaps  even  the  subjective 
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likelihood  of  all  processes,  events,  and  features  making  up  the  scenario 
classes  for  release  of  radioactivity  to  the  accessible  environment.   In  other 
words,  there  is  a  level  in  the  hierarchy  of  variables  that  is  adequate  to 
describe  and  model  the  consequences  of  all  scenarios  that  have  been  judged  to 
play  a  significant  role  in  determining  the  values  of  the  performance  measure. 

As  described  later,  the  number  of  state  variables  necessary  in  the 
modeling  of  sequences  is  in  principle  unbounded,  but  for  purposes  of 
discussion,  it  is  assumed  that  there  are  -V  such  independent  state  variables. 
These  variables  are  conveniently  represented  as  components  of  a  vector 

V  =  {vi,v2,v3,...,vN) 

and  the  performance  measure  is  seen  to  be  a  function  of  the  state  variables 

that  will  hereinafter  be  denoted  by  Af(V').  Note  that  V  is  to  be  regarded  as 

the  logical  union  of  the  sets  of  all  state  variables  required  in  the  modeling 
of  the  consequences. 

A  degree  of  uncertainty  is  usually  attached  to  a  state  variable,  owing 
to  various  causes  such  as  measurement  error  in  physical  quantities,  the 
spatial  and  temporal  inhomogeneities  intrinsic  to  geologic  processes  and 
events,  and  imprecision  in  the  theories  relating  the  variables  in  different 
levels  of  the  state-variable  hierarchy.   That  is,  most  state  variables  may  be 
regarded  as  random  variables  in  that  they  may  take  on  values  in  ranges  of 
numbers  rather  than  always  taking  on  a  single  value.  Whether  any  given 
variable  needs  to  be  treated  as  a  random  variable  depends  upon  the  size  of 
the  ratio  of  the  variable's  standard  deviation  to  its  mean.   If  that  ratio  is 
very  small  (as  is  the  case  for  standard  physical  constants  and  the  dimensions 
of  most  engineered  features) ,  the  variable  need  not  be  regarded  as  a  random 
variable.   If  the  ratio  is  nearly  one  or  larger,  and  if  the  results  of  a 
calculation  are  particularly  sensitive  to  changes  in  that  variable,  it  may  be 
necessary  to  treat  it  as  a  random  variable  in  order  to  capture  all 
uncertainty  in  system  behavior. 

The  previous  examples  of  state  variables  support  this  claim.  Example  1 
cites  quantities  that  in  principle  could  be  measured  but  in  practice  will 
probably  be  known  to  within  at  least  20  percent  about  their  estimated  mean 
value.  Examples  4,  5,  and  7  are  scalar  random  variables  with  predictable 
ranges  but  presently  unknown  distributions.  Examples  2  and  6  are  processes 
that  must  be  described  as  random  functions  of  time  because  both  processes 
depend  upon  climatic  variables  whose  future  behavior  is  presently  unknown. 
Because  of  hydrodynamic  and  geochemical  dispersion,  which  arise  from 
unpredictable  inhomogeneities  in  rock  properties,  the  transport  time  in 
example  3,  under  steady-state  conditions,  must  be  regarded  as  a  scalar  random 
variable.   Finally,  all  state  variables  may  not  be  mutually  independent:   a 
good  example  of  correlated  state  variables  are  examples  2,  3,  and  6;  all  of 
these  quantities  ultimately  depend  on  climatic  conditions  at  the  site. 

Because  some  of  the  components  of  the  state-variable  vector  are  random 
variables,  the  performance  measure,  M{V),   taken  as  a  function  of  the  state 
variables,  must  also  be  a  random  variable  whose  properties  (mean,  variance, 
and  distribution)  are  determined  by  the  joint  distribution  of  the  state 
variables.  The  joint  CDF  for  the  state  variables  is  denoted  by  F{Y);   and  the 
joint  density  function  associated  with  F(V)   is  simply  symbolized  by  F{dV) 
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using  notation  from  Feller  (1966) .   The  mean  (or  expectation)  of  the 
performance  measure,  M,    can  be  obtained  by  applying  to  M(V)  the  expectation 
operator,  an  operation  formally  defined  here  as 


£[•]=  //-/  WidV)  (8.3.5.13-3) 


that  is 


M  =  E[M{V)} 


Other  moments  of  the  CDF  for  the  performance  measure  can  be  obtained  by 
applying  the  expectation  operator.  For  instance,  the  variance  of  M  (denoted 
by  Var'Af]  )  is 

Var  M  =  E\M  -  A/)2 
The  CCDF  for  the  performance  measure  can  be  formally  represented  by 

G{m)  =  E[u(M  -  m)]  (8.3.5.13-4) 

where  nUl  is  the  unit  step  function  (u(z)  =  0  if  x  <  0  and  u(x)  =  1  if  x  >  0). 

If  the  joint  distribution  function  F(V)  is  continuously  differentiable 
for  all  the  components  of  V,  then  the  joint  density  F(dV)  can  be  represented 
in  a  more  familiar  form  as 

F(dV)  -  f(vi,v2,v3,  ...,vN)dvidv7dv3...dvK 

and  the  formal  expectation  operation  (Equation  8.3.5.13-3)  would  be  identical 
with  ordinary  integration  of  the  quantity  [•]/  over  the  ranges  of  the  N   state 
variables.  Although  F(V)   generally  is  not  differentiable  in  all  variables, 
the  equivalence  between  evaluation  of  multiple  integrals  of  large  dimension 
and  Monte  Carlo  simulation  (see  Hammersley  and  Handscomb  (1954)  or  Chapter  11 
of  Ross  (1985)  suggests  that  one  may  evaluate  expressions  like  Equation 
8.3.5.13-4  in  a  manner  nearly  identical  to  the  scheme  for  the  "thought 
experiment"  outlined  earlier.   For  example,  one  draws  S    {»   1)  "samples"  from 
the  joint  CDF  for  V   (say  f1,  v2,     f3,  ...,  f5)  and  uses  each  sample  value  to 
calculate  sample  vaiues  of  the  performance  measure,  for  example,  .U(f'), 
M(V2\    M(V3),    ...,  M(VS).     The  sample  values  of  the  performance  measure  may 
then  be  arithmetically  averaged  to  give  an  estimate  of  M,    or  their  relative 
frequency  of  occurrence  may  be  tabulated  and  plotted  as  a.   histogram  to  give 
an  empirical  distribution  function  for  the  performance  measure.   It  follows 
that  the  two  essential  ingredients  for  construction  of  an  empirical  CCDF  are 
(1)  a  set  of  consequence  models,  that  is,  models  that  calculate  the  A/(V) 
attached  to  a  specific  i"s,  and  (2)  a  joint  distribution  function  for  all 
uncertain  state  variables. 

In  practice,  a  crude  Monte  Carlo  simulation  of  the  kind  just  outlined  is 
seldom  used,  because  it  is  inefficient  in  the  use  of  random  numbers  and 
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therefore,  expensive  in  computing  time.   Instead,  various  "modified"  Monte 
Carlo  methods  such  as  Latin  hypercube  sampling  (Iman  and  Conover,  1982)  are 
used  to  reduce  the  variance  in  the  estimate  for  a  given  sample  size  (*) .   But 
even  if  variance-reducing  schemes  are  used,  the  sample  size  required  for 
adequate  resolution  of  the  empirical  CCDF  may  be  large,  and  so,  depending 
upon  the  time  needed  to  calculate  a  sample  value,  the  proposed  calculation 
would  still  be  expensive.   Iman  and  Helton  (1985)  suggest  that  "good  results 
are  obtained"  when 

S>(4/3)iV 

This  empirical  rule  illustrates  the  impracticability  of  using  highly 
detailed,  two-  and  three-dimensional  computer  models  of  the  system  in 
attempts  to  calculate  the  CCDF  by  Monte  Carlo  simulation.   Even  a  modestly 
detailed,  one-dimensional  finite-difference  model  of  liquid-phase  flow  and 
solute  transport  at  the  site,  such  as  the  TOSPAC  model  (Dudley  et  al.,  1988), 
could  involve  on  the  order  of  10,000  uncertain  state  variables  and  could 
require  at  least  several  minutes  to  generate  its  output  on  even  the  fastest 
digital  computer.   (In  addition,  note  that  the  output  of  the  code  would  only 
be  part  of  the  numerical  manipulations  needed  to  calculate  a  sample  value  of 
the  performance-measure  function  associated  with  a  scenario  involving  many 
kinds  of  processes  and  events.)   Although  such  elaborate  and  detailed  models 
may  be  necessary  for  gaining  insight  into  the  behavior  of  site  phenomena, 
their  use  in  simulations  of  the  total  system  could  result  in  months  of 
continuous  computing  time  being  required  to  construct  an  empirical  CCDF.   The 
DOE  realizes  these  limitations  and  will  attempt  to  overcome  them  by 
developing  relatively  simple  systems-level  models  of  system  behavior  and 
system  response  for  use  in  calculating  the  empirical  CCDF. 

As  a  final  background  note:  The  DOE  has  noticed  that  there  is  a  single 
sufficient  condition  for  satisfaction  of  the  inequalities  in  Equation 
8.3.5.13-2.  That  condition  is  derived  here  since  it  will  be  used  later  in 
developing  an  approximate  criterion  for  screening  events  and  processes 
according  to  the  contributions  they  may  make  to  the  CCDF.  The  condition 
follows  from  Markov's  Inequality  (Loeve,  1960),  which  states  that,  for  any 
nonnegative  random  variable  X   and  any  positive  number  x, 

Pr{*  >  *}  <  E[X]/x 

In  other  words,  a  CCDF  must  be  bounded  above  by  the  positive  branch  of  the 
hyperbola  defined  by  y-E[X]/x.      If  this  result  is  applied  to  Equation 
8.3.5.13-2,  it  can  be  seen  that  if  the  inequality 

E[M]  <  0.01  (8.3.5.13-5) 

is  satisfied,  then  both  inequalities  in  Equation  8.3.5.13-2  are  satisfied. 
As  stated,  Equation  8.3.5.13-5  is  only  a  sufficient  condition;  the 
inequalities  in  Equation  8.3.5.13-2  may  be  satisfied  even  if  E[M]  >  0.01,  and 
in  such  a  case,  the  entire  CCDF  would  have  to  be  constructed  to  see  whether 
Equation  8.3.5.13-2  is  satisfied. 
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The  Cranwell  methodology  for  constructing  a  complementary  cumulative 
distribution  function 

Cranwell  et  al.  (1982)  and  Hunter  et  al.  (1986)  present  extended 
summaries  and  further  references  to  supporting  documents  for  a  methodology 
for  constructing  a  CCDF  that  shows  compliance  with  10  CFR  191.3(a).  This 
methodology  is  hereinafter  called  the  Cranwell  methodology. 

The  methodology  represents  the  CCDF  as  a  weighted  sum  of  conditional 
CCDFs.  Using  the  matnemdLical  notation  developed  in  the  background  material, 
equation  (2)  of  Hunter  et  al.  (1986)  reads 

G(m)  =  Y,G(m\SJ)P(Sj)  (8.3.5.13-6) 

where 

Sj  =   a  designator  for  the  jth    "scenario" 

P(S}).=       probability  that  Sj   is  realized 

G(m  S3)   =   a  conditional  CCDF:   probability  that  M  >  m,    given  that  only 
members  of  the  jth    "scenario"  are  realized. 

Scenario  is  placed  in  quotation  marks  in  the  above  definitions  because  the 
Cranwell  methodology  definition  of  the  term  apparently  includes  objects  that 
are  more  general  than  the  objects  defined  by  this  section's  definition  of 
scenario;  the  intended  meaning  of  Hunter  et  al.  (1986)  appears  to  be  closer 
to  the  term  "scenario  class". 

Any  CDF  or  CCDF  may  be  expanded  in  the  manner  indicated  by  Equation 
8.3.5.13-6,  provided  that  the  Sj    are  statistically  independent  entities 
(i.e.,  are  mutually  exclusive  events  in   the  probabilistic  sense  of  the 
term  "event")  and  that  the  set  of  all  5,  is  exhaustive  (that  is,  the  Sji: 
rc^csent  a±l  possible  outcomes  of  an  experiment,  again  in  the  probabi  ".ist -c 
sense  of  the  term  "experiment").   In  other  vords,  P(S:)  >  0      for  all  j    and 
£;P(Sj)=i.   The  conditional  CCDFs,    G(m\S,),    are  to  be  calculated  in  the 
same  way  as  the  unconditional  CCDF,  G(m) ,    (e.g.,  by  Monte  Carlo  simulation), 
using  the  marginal  joint  distribution  function  for  those  state  variables,  \'j, 
that  appear  in  the  specification  of  the  jth  "scenario."  These  state 
variables  will,  in  general,  be  a  subset  of  the  components  of  V   and  will  be 
denoted  in  vector  form  by  Vj.      The  reader  should  note  that  construction  of 
each  conditional  CCDF  will  generally  be  easier  than  construction  of  the 
unconditional  CCDF.   This  is  because  some  of  the  events  or  features  that 
appear  in  the  specification  of  the  jth  "scenario"  are,  by  definition,  forced 
to  occur  during  the  period  of  performance,  and  therefore  fewer  random  numbers 
are  needed. 

That  the  two  representations  of  a  CCDF,  Equations  8.3.5.13-4  and 
8.3.5.13-6,  are  formed  by  the  same  principle.   That  is,  the  expansion  of  a 
distribution  as  a  sum  of  conditional  distributions,  can  be  seen  by  making  the 
following  correspondences:  the  integration  operation  in  Equation  8.3.5.13-3 
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with  the  summation  in  Equation  8.3.5.13-6;  the  F{dV)    in  Equation  8.3.5.13-3 
with  the  P{Sj)    in  Equation  8.3.5.13-6;  and  the  unit  step  function  u(M  -  m)  in 
Equation  8.3.5.13-4  with  the  G(m\S:)       in  Equation  8.3.5.13-6. 

In  the  first  representation  (Equation  8.3.5.13-4),  the  CCDF  is  expanded 
in  terms  of  each  scenario  in  the  nondenumerably  infinite  set  of  scenarios. 
The  "probability"  of  a  scenario  is  the  infinitesimal  quantity  F(d\'),    and  the 
conditional  probability  that M  >  m  given  that  the  scenario  is  realized  is  the 
unit  step  function  u(M  -  m).   (Note  that  the  unit  step  function  is  a  perfectly 
good  CCDF  for  a  quantity  that  takes  a  single  value,  say  M  -  m%    with 
certainty  at  some  point  on  the  line  of  real  numbers.)   It  is  seen  that  the 
requirements  of  mutual  independence  and  exhaustivity  are  automatically  met  by 
Equations  8.3.5.13-3  and  8.3.5.13-4.   The  function  G(m)   defined  by  these 
equations  will  always  have  the  properties  of  a  CCDF  (that  is,  G(0)  =  0   and 
G(m)  >  0  for  m>o,  and  G(m)  nonincreasing  for  m  >  0  )  provided  only  that  F(V) 
is  a  joint  CDF  for  the  state  variables  V. 

In  the  second  representation  (Equation  8.3.5.13-6),  the  CCDF  is  expanded 
in  terms  of  a  finite  number  of  mutually  independent  and  exhaustive  scenario 
classes;  the  probability  of  each  scenario  class  is  the  finite  quantity  P(S}) , 
and  the  conditional  probability  that  M  >  m,    given  that  only  members  of 
scenario  class  S,  occur,  is  G{m\S}) , 

The  remarks  in  the  preceding  paragraphs  may  help  in  understanding  why  it 
has  not  been  clear  how  the  the  requirements  of  mutual  exclusivity  and  exhaus- 
tivity could  be  met  for  the  kinds  of  "scenarios"  proposed  in  the  Cranwell 
methodology.   The  Cranwell  methodology  (Hunter  et  al . ,  1986)  bypassed  certain 
logical  problems  by  first  assigning  values  to  the  P{Sj)    (usually,  on  a  sub- 
jective basis)  and  then,  if  the  sum  of  the  P(Sj)    was  not  one,  renormalizing 
to  obtain  new  probabilities: 

P(Sj)  =  P{Sj)r£jP(Sj) 

Although  this  procedure  might  be  justified  on  the  pragmatic  grounds  that  all 
P(Sj)    are  very  small  numbers  whose  assignments  are  ultimately  based  on 
subjective  judgment,  it  nevertheless  violates  the  logic  of  probability  theory 
and  provides  no  definite  logical  pathway  for  inferring  the  P(S})    from  the 
more -fundamental  probabilities  of  the  occurrence  of  events  and  processes. 
The  preceding  discussion  is  a  preliminary  comparison  of  two  approaches 
represented  by  Equations  8.3.5.13-4  and  8.3.5.13-6. 

The  U.S  Department  of  Energy  approach  to  choosing  scenario  classes 

The  approach  used  by  the  DOE  to  solve  the  problem  of  exclusivity  and 
exhaustivity  inherent  in  Equation  8.3.5.13-6  has  been  to  interpret  the  Sj   as 
scenario  classes  instead  of  "scenarios,"  and  to  attempt  to  partition  the  set 
of  all  scenarios  into  mutually  exclusive  classes  of  scenarios.  There  are 
many  ways  in  which  such  a  partition  might  be  accomplished,  and  each  way  seems 
to  have  its  own  logical  problems.   The  partitioning  scheme  adopted  by  the  DOE 
for  the  purpose  of  identifying  the  significant  processes  and  events  for 
inclusion  in  the  CCDF  is  illustrated  below  with  the  help  of  some  examples. 

Consider  a  waste-disposal  system  in  which  any  number  of  processes  may  be 
operating,  but  in  which  only  two  independent  kinds  of  disruptive  events,  E: 
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and  E7 ,   may  occur.   For  example,  Ex    might  be  motion  along  an  existing  fault, 
and  E7   might  represent  exploratory  drilling.   The  probability  that  event  Ek 
(k   =  1,  2)  occurs  at  least  once  during  the  period  of  performance  is  denoted 
by  Pk.      The  partitioning  into  four  mutually  exclusive  scenario  classes  for 
this  hypothetical  example  is  illustrated  in  the  form  of  an  "event  tree"  in 
Figure  8.3.5.13-2.   This  figure  reguires  further  explanation.   First,  note 
that  the  sum  of  the  four  probabilities  P{Sj)f   j   =  1,  2,  3,  4,  is  1.   Next, 
let  Si    denote  the  class  in  which  no  disruptive  events  have  occurred.   This 
class  is  often  and  variously  called  the  expected  case,  the  anticipated  case, 
or  the  nominal  case;  all  these  terms  may  be  misleading  because  there  is  no 
reason  to  believe  that  ■P(S'i)  will  always  be  larger  than  the  other  three 
probabilities  or  the  probability  used  in  administratively  defining  the  term 
anticipated  process  and  events.   (The  DOE  will,  however,  continue  the  use  of 
these  terms  because  of  their  significance  in  the  interpretation  of  other 
parts  of  10  CFR  Part  60.)   Finally,  note  that  processes  are  shown  to  play  no 
explicit  role  in  this  kind  of  expansion  of  a  CCDF  in  independent  scenario 
classes;  a  calculation  of  the  conditional  CCDFs,   G(m|5_,)  ,  that  appear  in 
Eguation  8.3.5.13-6  would  have  to  be  accomplished  by  Monte  Carlo  simulation 
and  would  reguire  that  a  common  set  of  sample  processes  be  used  consistently 
for  the  simulation  of  each  of  the  conditional  CCDFs.   In  other  words,  all 
processes  are  automatically  expected  or  anticipated  in  this  partitioning 
scheme . 

The  formalism  of  Figure  8.3.5.13-2  can  be  used  to  show  how  undetected 
features  may  be  included  in  the  definition  of  independent  scenario  classes. 
Suppose  that,  in  addition  to  the  possible  occurrence  of  two  kinds  of  events 
Ei   and  Ei,   the  possibility  of  the  presence  of  a  feature  that  could  influence 
releases  to  the  accessible  environment  is  admitted.   The  feature,  F,  ,  is 
present  at  the  beginning  of  the  period  of  performance  with  probability  p3  and 
absent  with  probability  (1  -  p3 ) .   Figure  8.3.5.13-3  illustrates  the  way  the 
possibility  of  an  undetected  feature  will  lead  to  a  doubling  of  the  number  of 
independent  scenario  classes.  This  figure  also  applies  to  situations  in 
which  there  are  two  alternatives  for  the  conceptual  or  mathematical  model  of 
some  process,  event,  or  condition  believed  to  be  important  in  the  deter- 
mination of  releases  to  the  accessible  environment.  A  concrete  example  of 
this  situation  is  the  conceptual  model  of  recharge  under  Yucca  Mountain 
(Montazer  and  Wilson,  1984) :   is  recharge  concentrated  in  highly  fractured, 
structural  features  lying  to  the  southeast  of  the  mountain,  or  is  it  nearly 
uniform  throughout  the  mountain?  Such  a  two-state  alternative  model  is,  for 
all  practical  purposes,  the  same  as  an  undetected  feature,  because  it  leads 
to  a  doubling  of  the  number  of  independent  scenario  classes  (but  note  that 
there  may  also  be  n -state  alternative  models,  where  "  >  2,  leading  to  a 
multiple  of  n   branches) .  A  simple  example  of  a  diagram  arising  from  a 
two-state  alternative  model  can  be  found  in  Figure  9  of  Hunter  et  al.  (1986). 

All  the  examples  just  cited  involve  only  a  few  independent  types  of 
events,  undetected  features,  or  two-state  alternative  models.   The  formalism 
for  expanding  the  CCDF  in  independent  scenario  classes  is  nevertheless 
capable  of  being  generalized  to  any  number  of  such  objects,  provided  that 
they  are  statistically  independent  entities  (i.e.,  having  information  about 
the  occurrence  of  one  of  them  does  not  change  the  probability  that  any  of  the 
others  will  occur) .   If  there  are  A'  independent  types  of  objects  (events  or 
undetected  features  or  two-state  alternative  models) ,  there  will  be  J  =  2K 
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independent  scenario  classes  denoted,  as  before,  by  5,,  j  =  1,  2,  3,...,  j)  . 
The  probabilities  assigned  to  each  class,  P{Sj),  are  then  the  J  terms  in  the 
expansion  of  the  product 

K 

as  a  sum  of  terms.   (Note  that  this  product  is  automatically  equal  to  1  since 
each  of  its  terms  equal  1;  hence  the  representation  as  a  sum  of  terms  also 
equals  1,  thus  providing  exhaustivity . )   The  ph   appearing  in  the  product  are 
here  called  the  "elementary  probabilities  of  occurrence"  of  the  A  independent 
types  of  objects.  As  shown  in  the  previous  examples,  the  PkS   may  have 
different  meanings,  depending  upon  the  type  of  object  to  which  they  apply.  A 
discussion  of  elementary  probabilities  is  provided  later  in  this  section. 

Incorporation  of  uncertainties  in  repository  performance  related  to 
undetected  features  in  the  manner  discussed  previously  is  one  approach  to 
this  problem.   Other  approaches  (e.g.,  sensitivity  analyses  and  bounding 
analyses)  will  be  considered  before  selecting  the  approach  that  will  be  used 
in  the  compliance  demonstration  for  licensing. 

A  generalization  of  this  scheme  has  been  adopted  by  the  DOE  for  the 
screening  that  identifies  significant  processes  and  events  for  inclusion  in 
the  CCDF;  the  next  part  of  this  section  describes  that  screening.   However, 
this  partitioning  scheme  is  adopted  here  for  the  purpose  of  deriving  guidance 
for  the  site  characterization  program.   It  will  not  necessarily  be  the  basis 
adopted  in  licensing. 

Screening  for  significant  events,  processes,  and  features 

In  the  Cranwell  methodology,  the  CCDF  for  the  performance  measure  M  is 
represented  as  a  weighted  sum  of  2*  conditional  CCDFs  (Equation  8.3.5.13-6). 
The  weights  are  the  probabilities  of  the  2K   exclusive  and  exhaustive  scenario 
classes,  and  A'  is 

A   =   (number  of  types  of  independent  events)  +  (number  of  distinct 
types  of  undetected  features)  +  (number  of  independent, 
two-state  alternative  models) 

Distinct  types  of  processes  are  not  included  in  the  sum  (unless  they  are  the 
distinguishing  features  of  a  two-state  alternative  model)  because,  in  the 
Cranwell  methodology,  the  state  variables  of  all  processes  are  included  in 
the  specification  of  every  scenario  class.  In  the  next  few  paragraphs,  a 
CCDF  depending  upon  A'  events,  features,  or  alternative  models  is  denoted  by 
GK{m). 

Thus,  the  number  of  scenario  classes  to  be  considered  in  the  performance 
assessments  increases  exponentially  with  A';  for  example,  if  A  =  10,  there  are 
already  1,024  classes.   Calculation  of  1,024  empirical  CCDFs  by  Monte  Carlo 
simulation  would  require  an  enormous  computational  effort,  even  if  the 
increased  efficiency  inherent  in  the  calculation  of  conditional  CCDFs  by 
simulation  is  taken  into  account.  Note  that  Hunter  et  al.  (1986)  understand- 
ably include  only  five  "scenarios"  in  their  example  calculations  of  an 
empirical  CCDF.   Some  methods  for  reducing  the  number  of  scenario  classes  to 
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be  included  in  a  CCDF  calculation  to  a  manageable  size  are  needed.  At  the 
same  time,  these  methods  should  preserve  exclusivity  and  exhaust ivity,  be 
applicable  in  advance  of  a  CCDF  calculation,  and  lead  to  the  identification 
of  those  scenario  classes  that  play  essential  roles  in  determining  the  shape 
of  an  empirical  CCDF.   Such  methods,  which  might  be  called  screening  methods, 
are  mentioned  in  this  descriptions  of  the  Cranwell  methodology:   "Scenario 
probabilities  offer  a  means  of  screening  the  scenarios  to  determine  which 
ones  should  be  modeled"  and  "A  preliminary  estimate  of  conseguences  can  also 
be  used  to  screen  scenarios  before  full-scale  conseguence  modeling"  (Hunter 
et  al.,  1986).   The  EPA  also  mentions  the  possibility  of  eliminating  events 
and  processes  on  the  basis  of  their  probabilities  of  occurrence:  Guidance 
for  40  CFR  Part  191  states  that  "performance  assessments  need  not  consider 
categories  of  events  or  processes  that  are  estimated  to  have  less  than  one 
chance  in  10,000  of  occurring  over  10,000  years."  (Appendix  B  of  EPA  (1985)). 

Certain  disruptive  events,  features,  or  alternative  models  (hereinafter 
collectively  called  agents)  may  be  eliminated  as  ingredients  of  scenarios, 
provided  that  their  elementary  probabilities  are  sufficiently  small.   It  can 
be  shown  that  the  absolute  error  in  the  calculated  CCDF  caused  by  dropping 
those  scenario  classes  in  which  a  single,  to-be-eliminated  agent  occurs  is 
bounded  by  that  agent's  elementary  probability  of  occurrence.  For  example, 
if  event  *i  is  to  be  eliminated,  then  the  absolute  error  obeys  the  following 
ineguality : 

Mm)-Gx-,(m)|  <Phi 

If  a  total  of  L   (<  K)   agents  is  to  be  eliminated,  then 

GK(m)  -  GK-l{™)\  <  P*,  +  P*3  +  Pk,  +   +  PkL 

This  bound  on  absolute  error  incurred  by  eliminating  L   out  of  K  agents 
suggests  a  way  of  setting  a  criterion  for  screening  events,  features,  or 
alternative  models  before  constructing  a  CCDF.  If  the  elementary  probability 
of  each  agent  considered  for  elimination  is  such  that 

p*  <  0.0001/*-  (8.3.5.13-7) 

then  up  to  K   of  the  agents  may  be  eliminated  without  causing  more  than 
10-percent  error  in  the  CCDF  at  the  more  restrictive  of  the  two  inegualities 
shown  in  Eguation  8.3.5.13-2,  that  is,  the  ineguality  G(10)  <  0.001.   (Note 
that  other  kinds  of  errors,  i.e.,  those  arising  from  a  finite  sample  size, 
are  inherent  in  the  construction  of  the  empirical  CCDF  and  are  not  counted  in 
the  10-percent  relative  error.) 

The  DOE  does  not  intend  to  screen  scenarios  by  conseguences  alone.  The 
methodology  will  retain  an  analysis  of  low-conseguence,  high-probability 
events  in  order  to  provide  a  complete  estimate  of  the  CCDF  and  a  thorough 
characterization  of  repository  performance. 

A  crude  but  probably  adeguate  measure  of  the  relative  importance  of  the 
conseguences  of  different  disruptive  agents  can  be  derived  using  the  CCDF 
representation  in  the  Cranwell  methodology  (Eguations  8.3.5.13-6  and 
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8.3.5.13-5).   Taking  the  formal  derivative  of  Equation  8.3.5.13-6  to  obtain  a 
probability  density  function  for  M,   multiplying  that  probability  density 
function  by  m,  and  applying  the  expectation  operator  (Equation  8.3.5.13-3)  to 
the  resulting  product  gives 

2* 

E[M]  =  Y,  E[M\Sj]P{Sj)  (8.3.5. 13-8) 

The  quantities  E[M\Sj]      are  the  conditional  expectations  of  the  performance 
measure  M,    given  the  occurrence  of  scenario  class  5,.   Each  term  in  Equation 
8.3.5.13-8  (i.e.,  the  product    E\M\Sj)P{Sj)  )   is  called  the  expected  partial 
performance  measure  (EPPM)  for  scenario  class  S,) .   Using  the  inequality  in 
Equation  8.3.5.13-5,  a  sufficient  condition  for  meeting  the  regulatory 
requirements  of  Equation  8.3.5.13-2  is 

^(EPPM  for  scenario  class  S; )  <  0.01  (8.3.5.13-9) 

It  intuitively  follows  from  Equation  8.3.5.13-9  that  the  significant  scenario 
classes  are  those  that  have  the  largest  EPPMs.   In  particular,  scenario 
classes  with  EPPMs  having  values  near  0.01  are  significant,  although  the 
occurrence  of  an  EPPM  >  0.01  does  not  automatically  imply  a  violation  of  the 
regulatory  requirements.   The  connection  between  EPPMs  and  screening  of 
potentially  disruptive  agents  according  to  their  consequences  can  be  made  by 
two  observations:   First,  the  EPPM  for  a  scenario  class  in  which  a  given 
disruptive  agent,  say  the  klh   one,  is  assumed  to  occur  will  be  bounded  above 
by  the  product,  pk  E[M\Sj}.         Second,  an  upper  bound  for  the  conditional 
expectation    E[M\Sj]  ,  say  BJf   may  often  be  estimated  by  simple,  determinis- 
tic calculations.   It  follows  that  the  EPPMs  for  scenario  classes  involving 
the  kth    disruptive  agent  are  bounded  above  by  pk  B:     (or  b:   when  pk   is 
unknown) ,  and  that  the  latter  quantities  can  be  used  as  surrogates  of  the 
EPPMs  in  a  preliminary  screening  of  potentially  disruptive  agents.   This 
procedure  is  particularly  useful  in  the  performance  allocation  process. 
Several  examples  of  its  use  are  provided  later  in  the  section  entitled  "A 
preliminary  performance  allocation  for  Issue  1.1." 

Probabilities  of  events,  processes,  and  features 

The  foregoing  discussions  in  this  section  have  established  that,  in 
order  to  calculate  an  empirical  CCDF  for  the  performance  measure,  various 
measures  of  probability  (i.e.,  CDFs  for  Monte  Carlo  simulation  and  elementary 
probabilities  for  calculating  scenario  class  probabilities)  must  be  associa- 
ted with  those  events,  processes,  features,  and  alternative  conceptual  models 
that  determine  the  classes  of  release  scenarios.   The  present  discussion 
briefly  addresses  two  topics  regarding  probability:  (1)  the  measures  of 
probability  needed  for  each  kind  of  agent  or  process  in  order  to  include 
their  uncertainties  in  the  CCDF  and  (2)  whether  and  to  what  extent  the  DOE 
believes  that  those  measures  of  probability  can  be  objectively  derived  from 
physical  observations  and  data. 

Probability  measures  for  events  (and  some  kinds  of  undetected  features) 
are  usually  derived  from  probability  models.  A  "probability  model"  is  a 
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mathematical  model  that  is  capable  of  relating  measurable  quantities 
associated  with  past  occurrences  of  the  event  to  CDFs  for  certain  state 
variables.   For  example,  the  state  variables  of  interest  for  events  are 
usually 

1.  The  number  of  events  that  occur  in  a  prescribed  interval  of  time. 

2.  The  times  of  occurrence  of  each  event. 

3.  One  variable  (at  least)  describing  the  magnitude  or  intensity  of 
each  event . 

For  events  whose  occurrence  in  time  is  uncertain,  all  these  variables  of 
interest  must  be  treated  as  correlated  random  variables.   The  elementary 
probability  of  the  fcth  kind  of  event,  pk   is  the  probability  that  the  kth   kind 
of  event  will  occur  at  least  once  in  the  period  of  performance.   The  elemen- 
tary probability  for  events  can  always  be  derived  from  the  CDF  (or  probabil- 
ity density  function)  for  state  variable  1,  that  is,  the  number  of  events 
that  occur  in  a  prescribed  interval  of  time. 

Probability  models  for  geologic  events  can  be  exemplified  by  the 
so-called  Poisson  process  (Ross,  1985) .   The  Poisson  process  is  characterized 
by  the  assumption  that  the  waiting  times,  Af*  between  the  occurrence  of  any 
two  events  of  type  k   are  independent,  exponentially  distributed  random 
variables,  that  is 

Pr{Atk   <  t}  =  1  -  exp(-A*t),  0  <  t  <  oo 

where  \k   depends  upon  the  type  of  event  and  the  associated  magnitudes  of 
intensities  of  the  event.  The  quantity  \k   is  sometimes  called  the  probabil- 
ity per  unit  time  since  it  has  units  of  reciprocal  time.   The  reciprocal  of 
\k   is  the  mean  time  between  any  two  events.   The  probability  that  exactly  n 
events  of  type  k   will  occur  in  a  time  interval  t    is  given  by  the  Poisson 
distribution 

(Ak<)n 


n\ 


exp(-\kt),   n  =  0,  1.  2. 


If  t   is  taken  to  be  10,000  years,  it  follows  that  tne  elementary  probability 
of  the  occurrence  of  an  event  of  type  k  is 

pk  -  I  -  exp(-Afc<) 

And  when  ( \ki  )  «  1,  the  series  expansion  of  the  exponential  function  is  used 
to  justify  the  approximation,  pk  =  \ki  . 

In  their  investigations  of  the  likelihood  that  the  Yucca  Mountain 
repository  could  be  intercepted  by  extrusive  basaltic  volcanism,  Crowe  et  al . 
(1982)  combine  available  data  on  remnants  of  volcanic  activity  with  Poisson- 
process  assumptions  to  arrive  at  a  maximum  probability  per  unit  time  for 
volcanic  disruption  of  4  x  10"8/yr.  Donath  and  Cranwell  (1981)  use  Poisson- 
process  assumptions  combined  with  geometrical  probabilities  to  estimate  the 
probability  that  faulting  will  disrupt  a  repository. 
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Poisson-process  assumptions  are  convenient  for  the  treatment  of  rare, 
geologic  events  because  there  are  usually  only  enough  data  on  past 
occurrences  of  the  event  to  fit  one  parameter  (Xk)  .   The  mean  time  between 
events,  l/A*,  can  be  simply  estimated  by  three  seeps. 

1.  Dating  physical  evidence  that  marks  the  past  occurrence  of  an  event. 

2.  Counting  the  number  of  events  that  have  occurred  in  some  prescribed 
time  interval. 

3.  Calculating  a  mean  time  between  events,  by  dividing  the  number  of 
events  by  the  time  interval. 

This  was  essentially  the  method  of  Crowe  et  al.  (1982).   Crowe  et  al., 
however,  also  assumed  that  episodes  of  basaltic  volcanism  in  the  Yucca  Moun- 
tain region  would  be  Poisson  distributed  in  space  as  well  as  time.   In  some 
investigations,  there  exist  sufficient  data  to  conclude  that  the  occurrences 
of  some  geologic  event  actually  fit  the  Poisson  distribution.  Algermissen 
and  Perkins  (1976)  assert  that  "large  shocks  [from  earthguakes]  closely 
approximate  a  Poisson  process,  while  small  shocks  may  depart  significantly 
from  a  Poisson  process." 

Poisson-process  assumptions  are  used  to  exemplify  probability  measures 
for  geologic  events  throughout  the  remainder  of  this  section.   Nevertheless, 
the  DOE  recognizes  the  possibility  that  data  obtained  during  site  character- 
ization may  justify  the  use  of  different  kinds  of  probability  models  in 
performance  assessment  calculations.   For  example,  if  strong  evidence  is 
developed  that  shows  that  the  time  intervals  between  the  occurrences  of  a 
critical  type  of  geologic  event,  say  during  the  Quaternary  Period,  are 
increasing  (or  decreasing)  instead  of  remaining  approximately  constant  (as 
reguired  by  Poisson-process  assumptions) ,  then  a  probability  model  for  that 
type  of  event  based  on  the  so-called  nonhomogeneous  Poisson  process  (Ross, 
1985)  would  be  used  in  performance  assessment  calculations  involving  that 
event.  The  probability  per  unit  time  in  a  nonhomogeneous  Poisson  process  can 
be  any  nonnegative  function  of  time,  say  A(/),  that  can  be  fitted  with  the 
data. 

The  DOE  also  recognizes  that  the  use  of  a  finite  data  set  to  fit  the 
parameters  of  a  probability  model  imposes  uncertainty  on  those  parameters 
themselves.  For  example,  the  procedure  indicated  above  for  fitting  the  mean 
time  between  events  in  a  homogeneous  Poisson-process  gives  what  is  called  a 
maximum-likelihood  estimate  of  the  true  meantime.   Such  estimates  are 
themselves  normally  distributed  about  the  true  mean  with  a  variance  that 
decreases  with  increasing  sample  size  (i.e.,  the  number  of  data  points  used 
in  calculating  the  estimator) .   There  is  no  practical  way  of  minimizing  this 
kind  of  uncertainty  because  the  number  of  data  points  obtainable  is  always 
limited  by  other  practical  considerations  such  as  limited  time,  funds,  or 
simply  the  difficulties  in  finding  and  recording  the  evidence  of  a  past  event 
or  process.  The  only  reasonable  way  to  address  the  fact  that  the  parameters 
in  a  probability  model  may  take  on  a  range  of  values  is  to  first  attempt  to 
minimize  the  spread  of  those  ranges  as  much  as  possible  and  then  use  those 
values  within  the  indicated  ranges  that  lead  to  conservative  elementary 
probabilities  (i.e.,  probabilities  that  will  to  some  degree  overestimate  the 
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likelihood  of  the  occurrence  of  an  event) .   This  scheme  is  used  in  interpre- 
ting the  results  of  Crowe  et  al.  (1982),  and  the  DOE  will  apply  it  generally 
to  arrive  at  an  assignment  of  the  parameters  of  any  probability  model  that 
appears  in  the  calculation  of  an  empirical  CCDF. 

In  contrast  with  geologic  events,  the  assignment  of  probability  measures 
to  anthropogenic  events  that  may  occur  in  the  far  future  must  be  based 
entirely  on  expert  judgment.   That  judgment  could  be  expressed  in  terms  of  a 
probability  model  or,  more  likely,  by  an  assignment  of  a  maximum  credible 
rate  of  occurrence  of  the  event.   The  EPA  has  already  assigned  a  maximum 
credible  rate  of  future  exploratory  drilling  on  a  waste-disposal  site: 
"...the  Agency  assumes  that  the  likelihood  of  such  inadvertent  and  inter- 
mittent drilling  need  not  be  taken  to  be  greater  than  30  boreholes  per  square 
kilometer  of  repository  area  per  10,000  years  for  geologic  repositories  in 
proximity  to  sedimentary  rock  formations,  or  more  than  3  boreholes  per  square 
kilometer  per  10,000  years  for  repositories  in  other  geologic  formations." 
(EPA,  1985) .   Given  a  maximum  credible  value  on  the  rate  of  occurrence  of  an 
anthropogenic  event,  requiring  a  conservative  estimate  of  the  elementary 
probability  forces  the  use  of  a  Poisson  probability  model.   Placing  a  maximum 
credible  value  on  the  rate  of  occurrence  of  that  event  automatically  forces 
the  use  of  a  Poisson  probability  model,  because  such  an  assignment  places  a 
constant  upper  bound  on  the  failure-rate  function  (Ross,  1985)  uniquely 
associated  with  the  CDF  for  the  interval  of  time  between  occurrences  of  the 
event . 

The  elementary  probabilities  of  the  occurrence  of  natural  undetected 
features,  such  as  fault  zones,  magmatic  intrusions,  and  perched  water,  would 
ideally  be  derived  from  probability  models  similar  to  the  ones  used  in 
estimating  the  occurrence  of  mineral  commodities  (see  John  W.  Harbaugh's 
treatment  of  this  topic  in  Chapter  2  of  Hunter  and  Mann,  1988) .   But,  because 
of  the  quantity  and  specialized  nature  of  the  field  measurements  required  to 
fit  the  parameters  in  these  kinds  of  models  (i.e.,  special  boreholes  and 
remote-sensing  experiments) ,  it  may  not  be  possible  to  realize  the  ideal  for 
all  but  the  most  credible  and  potentially  important  kinds  of  natural 
undetected  features. 

As  previously  remarked,  the  numerical  specification  of  a  process  is  the 
same  for  all  scenario  classes  unless  the  process  is  the  distinguishing 
feature  of  an  alternative  model,  or  unless  the  process  is  changed  by  the 
occurrence  of  an  event.   Hence,  processes  will  generally  not  play  a  direct 
role  in  the  definition  of  scenario  classes  in  the  representation  of  the  CCDF 
in  the  Cranwell  methodology.  Accordingly,  processes  cannot  be  screened  using 
the  methods  associated  with  the  Cranwell  methodology  and  need  not  be  assigned 
elementary  probabilities.   There  may  nevertheless  be  considerable  uncertainty 
inherent  in  the  description  of  a  process.   Important  examples  are  the 
uncertainty  in  percolation  flux  and  water-table  level  because  these 
quantities  may  be  affected  by  future  climatic  changes.   Such  process-related 
uncertainties  can  be  incorporated  into  Monte  Carlo  simulations  in  at  least 
two  ways,  whichever  way  proves  to  be  the  most  efficient  or  justifiable  in 
terms  of  available  data: 

1.   The  time-dependent  function  representing  the  process  may  be 
represented  by  a  piecewise-linear  function,  as  shown  in  Figure 
8.3.5.13-4,  or  by  a  piecewise-constant  function. 
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Figure  8.3.5.13-4.  Representation  of  a  time-dependent  state  variable  The  hypothetical  case  shown  is  of 
percolation  flux  in  the  Topopah  Spring  welded  unit  as  a  function  of  time.  The  solid  curve  is  the  predicted  flux 
history;  the  dotted  curve  is  a  discrete  approximation  to  solid  curve  Subdivisions  of  the  ordinate  show  Dossible 
exceedance  intervals  for  the  percolation  flux  The  cells  defined  by  the  subdivisions  of  the  ordinate  and  abcissa  form 
an  M  by  l\l  matrix  for  the  definition  of  exceedance  probabilities;  the  notation  P(m,n)  stands  for  the  probability 
that  percolation  flux  in  the  m<h  interval  is  exceeded  in  the  n"1  time  interval 
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2.   The  time-dependent  function  representing  the  process  may  be  approxi- 
mated by  an  analytical  expression  involving  a  few  deterministic 
functions  of  time  and  a  few  scalar  random  variables. 

For  example,  the  spatially  averaged  percolation  flux  at  the  level  of  the 
repository  might  be  most  simply  approximated  by 

q(t)  -  q„  +  6t,   0  <  t  <   10,  000  yr 

where  g0   is  a  random  variable  representing  the  spatially  averaged  percolation 
flux  at  closure  time  (t   =   0)  ,  and  <*  is  a  random  variable  representing  the 
rate  of  change  of  the  spatially  averaged  flux  owing  to  future  climatic 
changes.  Other  approximations  might  be  justified,  depending  upon  expert 
judgments  in  the  areas  of  future  climatology  and  unsaturated-zone  hydrology. 

The  U.S.  Department  of  Energy  approach  to  constructing  the  complementary 
cumulative  distribution  function 

In  calculating  the  CCDF,  the  DOE  intends  to  take  into  account  all  those 
natural  processes  and  events  that  are  sufficiently  credible  to  warrant 
consideration.   Generally,  categories  of  natural  processes  and  events  that 
can  be  shown  to  have  a  likelihood  of  less  than  one  chance  in  10,000  of 
occurring  in  the  first  10,000  yr  after  permanent  closure  would  not  be  taken 
into  account  in  CCDF.   Furthermore,  categories  of  natural  processes  and 
events  whose  contribution  to  the  overall  probability  distribution  can  other- 
wise be  shown  to  be  insignificant  would  not  be  included  in  the  detailed 
assessments.   Likewise,  any  particular  combinations  of  categories  of  natural 
processes  and  events  that  meet  either  of  these  two  criteria  would  not  be 
incorporated  into  the  CCDF.   That  is,  particular  scenario  classes  involving  a 
seguence  of  categories  of  events  or  processes  that,  in  combination,  can  be 
shown  to  have  a  probability  of  occurrence  in  the  10,000-yr  period  following 
permanent  closure  of  less  than  one  chance  in  10,000  or  that  otherwise  can  be 
shown  to  make  a  negligible  contribution  to  the  overall  probability 
distribution  would  not  be  evaluated  in  detail. 

Impacts  of  processes  and  events  initiated  by  human  activities  will  also 
be  considered  in  the  system  performance  assessments  with  regard  to  this 
issue.   Repository  construction  and  waste  emplacement,  as  they  affect  the 
conditions  in  the  geologic  repository,  will  be  taken  into  account  in  the 
evaluating  of  the  CCDF  for  normalized  releases.   The  treatment  of  such  events 
and  processes  will  follow  an  approach  similar  to  that  used  for  the  natural 
processes  and  events.   To  address  the  effects  of  human  activities  (such  as 
direct  intrusion),  the  DOE  will  (1)  evaluate  the  effects  of  potentially 
adverse  human  activities,  such  as  those  identified  in  the  examination  of  the 
potentially  adverse  conditions  of  10  CFR  60.122;  (2)  develop  scenario  classes 
of  categories  of  processes  and  events  that  are  initiated  by  human  activities 
and  that  result  in  potentially  significant  impacts  on  normalized  releases; 
and  (3)  estimate  relative  probabilities  and  conseguences  for  these  scenarios, 
taking  into  account  the  factors  and  the  assumptions  given  previously  in  the 
regulatory  basis  for  this  issue.   The  scenarios  and  scenario  classes  associ- 
ated with  human  activities  are  often  highly  speculative  and  often  do  not 
involve  significant  impacts  on  the  variables  important  to  waste  isolation. 
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Therefore,  the  specification  of  highly  speculative,  low-impact  human-activ- 
ity-related scenarios  and  scenario  classes,  the  development  of  the  methods  to 
analyze  these  classes,  and  the  identification  of  data  to  support  these 
analyses  will  not  be  allowed  to  dominate  the  testing  program. 

A  scenario  class  will  be  developed  for  undisturbed  performance  of  the 
geologic  repository;  it  will  take  into  account  the  legitimate,  distinguish- 
able alternative  conceptual  models  that  are  supported  by  the  available 
information.   (As  explained  previously,  this  class  is  called  the  nominal 
class;  it  is  associated  with  anticipated  or  expected  conditions.)   By 
undisturbed  performance,  the  DOE  means  the  predicted  behavior  of  a  geologic 
repository,  taking  into  account  the  uncertainties  in  predicted  behavior,  and 
considering  only  likely  natural  events.   In  this  instance,  "natural  events" 
refers  to  those  natural  processes  and  events  that  are  reasonably  likely  to 
occur  in  the  10,000-yr  period  following  permanent  closure.   The  judgments  of 
which  natural  processes  and  events  are  likely  to  occur  during  this  period 
will  be  based  on  the  assumption  that  those  processes  operating  in  the 
geologic  setting  during  the  Quaternary  will  continue  to  operate,  but  that 
with  construction  of  the  repository  or  the  presence  of  emplaced  radioactive 
waste,  some  perturbation  will  occur. 

Disruptive  scenario  classes  will  also  be  developed  for  the  analysis. 
Such  scenario  classes  will  be  those  that  involve  processes  and  events  that 
are  sufficiently  credible  to  warrant  consideration,  but  which  are  outside  the 
range  of  those  considered  for  the  nominal  case.   For  example,  these  scenarios 
may  involve  disruptive  natural  processes  such  as  significant  fault  displace- 
ment, climate  change,  or  volcanic  activity  that  have  a  low  probability  of 
occurrence  in  the  next  10,000  yr.   These  scenario  classes  would  also  include 
those  developed  for  human  interference  activities  discussed  earlier. 

As  the  preceding  discussion  points  out,  to  describe  the  system  ideally, 
the  set  of  scenario  classes  should  be  exhaustive  and  the  classes  should  be 
mutually  exclusive.  That  is,  the  set  of  scenario  classes  should  provide  a 
partitioning  of  all  the  physically  realizable  futures  for  the  repository 
system,  and  the  set  should  be  constructed  so  that  the  conseguences  of  some 
effect  are  not  counted  more  than  once.  In  practice  it  will  be  difficult  to 
provide  such  an  ideal  representation  of  the  significant  processes  and  events. 
For  example,  it  will  be  difficult  to  distinguish  between  the  low  probability, 
extreme  site  characteristics  taken  into  account  in  the  undisturbed-perform- 
ance scenario  classes  and  the  site  characteristics  resulting  from  unlikely 
processes  and  events  that  are  taken  into  account  in  the  disturbed-performance 
scenario  classes.  Care  will  be  necessary  to  ensure  that  the  scenario  classes 
are  as  representative  as  possible. 

It  will  also  be  difficult  to  ensure  that  every  physically  realizable 
future  is  represented  in  the  set  of  scenario  classes,  particularly  those  that 
may  be  associated  with  unlikely  processes  and  events.  One  of  the  undisturbed 
scenario  classes  is  assumed  to  account  not  only  for  the  likely  processes  and 
events  explicitly  specified  in  the  description  of  the  scenarios,  but  also  for 
all  unlikely  processes  and  events  that  have  no  impact  on  repository 
performance.   This  scenario  class  is  termed  the  "nominal"  performance 
scenario  class.  Again,  effort  is  needed  to  ensure  that  the  nominal  case 
scenario  class  provides  a  reasonable  representation  for  these  conditions. 
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Within  each  scenario  class  it  will  be  possible  to  specify  one  or  more 
release  modes.   For  example,  release  of  radionuclides  may  occur  by  way  of 
water  pathways,  in  which  dissolved  radionuclides  are  transported  by  water;  by 
way  of  gas  pathways,  in  which  the  radionuclides  are  transported  in  gaseous 
form  and  not  with  the  moving  water;  and  by  direct  pathways,  in  which  the 
radionuclides  are  transported  directly  to  the  accessible  environment  by 
mechanical  means,  such  as  by  magmatic  extrusion  or  human  recovery.   In  some 
instances,  the  scenario  class  will  be  defined  with  a  particular  release  mode 
in  mind;  for  example,  for  some  scenario  classes,  such  as  drilling  scenarios, 
the  direct -pathways  mode  may  be  considered  to  dominate. 

2.  A  preliminary  selection  of  events,  processes,  and  scenario  classes  for 
the  Yucca  Mountain  repository  site 

The  identification  of  scenario  classes  for  any  system  is  ultimately  a 
matter  of  professional  judgment.  Methods  that  have  been  used  to  identify 
scenarios  were  recently  reviewed  with  the  following  conclusion:   "Three  dif- 
ferent approaches  have  been  proposed  to  identify  scenarios  for  performance 
assessments  of  high-level  waste  repositories:  simulation,  event  trees,  and 
judgment.   Simulation  models  reguire  large  amounts  of  hard-to-obtain  input 
data.   Event  trees  tend  to  produce  extremely  large  numbers  of  scenarios. 
Most  published  performance  assessments  rely  on  judgmental  methods.  .  ." 
(Ross,  1986)  .   To  this  fair  appraisal  might  be  added  the  observation  that 
construction  of  meaningful  simulation  models  or  event  trees  also  reguires 
judgment.  Observational  and  experimental  evidence  should  be  used  to  screen 
out  insignificant  effects  before  attempting  to  construct  simulation  models; 
similarly,  efficient  construction  of  event  trees  can  proceed  only  after  there 
has  been  a  thorough  examination  and  interpretation  of  the  evidence  concerning 
phenomena  that  might  affect  the  system.   The  DOE  will  use  professional  judg- 
ment to  guide  the  program  for  identifying  scenario  classes  that  have  signi- 
ficance. At  this  point,  it  is  appropriate  to  summarize  specific  efforts  to 
identify  scenarios  for  a  repository  system  at  the  Yucca  Mountain  site. 

In  addition  to  the  studies  summarized  below,  the  DOE  has  correlated  the 
selection  of  scenarios  with  the  results  of  evaluations  of  alternative  con- 
ceptual models  of  site  behavior.  As  Section  8.3.1.1  explains,  various  alter- 
native models  may,  on  the  basis  of  currently  available  evidence,  be  used  to 
describe  the  behavior  of  the  site.  Tables  that  display  these  models  (called 
hypothesis-testing  tables  in  Section  8.3.1)  have  been  linked  to  Issue  1 . 1  by 
identifying  the  performance  measures  (from  the  performance  allocation  tables 
throughout  Section  8.3.5)  whose  values  are  sensitive  to  those  processes  and 
then  estimating  gualitatively  the  effect  that  variations  on  those  measures 
could  have  on  the  performance  of  the  repository  system. 

The  list  of  scenarios  derived  from  the  studies  summarized  below  has  been 
expanded  as  part  of  the  ongoing  evaluations  of  alternative  conceptual  models 
described  in  the  tables.   The  preliminary  set  of  scenario  classes  derived  in 
this  section  is  intended  to  incorporate  the  conseguences  of  all  the  signi- 
ficant processes  that,  according  to  current  evidence,  could  reasonably  be 
expected  to  affect  the  performance  of  the  site.  The  decisions  regarding 
which  alternative  models  will  be  the  bases  for  the  selection  of  scenarios 
used  in  licensing  will  be  reevaluated  throughout  site  characterization  as 
additional  information  becomes  available. 
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The  decision-aiding  methodology  study 

A  panel  of  experts  assembled  by  the  DOE  (1986a)  proposed  15  generic, 
potentially  significant  scenarios  (Table  8.3.5.13-1)  and  assessed  the 
significance  of  these  generic  scenarios  for  a  repository  at  Yucca  Mountain, 
Nevada,  using  professional  judgment  and  information  from  the  Yucca  Mountain 
environmental  assessment  (DOE,  1986b) .   The  panel  judged  that  scenarios  3,  4, 
and  12  of  Table  8.3.5.13-1  are  not  sufficiently  credible  to  warrant 
consideration  and  that  realization  of  scenarios  5  through  9,  13,  and  14  would 
not  entail  conseguences  more  severe  than  the  nominal  case  (scenario  1) . 
Scenario  1  (the  nominal  case) ,  scenario  2  (unexpected  features) ,  and 
scenarios  10a  through  11  were  regarded  by  the  panel  as  being  potentially 
significant  at  Yucca  Mountain. 

The  unexpected-features  scenario  (scenario  2)  was  divided  into  six 
categories  of  features:  (1)  repository-induced  subsidence  or  uplift, 
(2)  undetected  fault  zones,  (3)  undetected  significant  lateral  variations, 
(4)  undetected  dikes  or  sills,  (5)  undetected  vertical  heterogeneity  (perch- 
ing of  water),  and  (6)  other — a  category  of  unspecified  features.   The  panel 
stated  that  "The  impacts  of  extreme  conditions  that  result  from  unexpected 
features  could  lead  to  releases  that  could  be  as  much  as  10  times  greater 
than  those  for  the  nominal  case"  (DOE,  1986a) .  After  making  evaluations,  the 
panel  concluded  that  the  most  important  releases  would  be  by  ground  water; 
conseguently  no  scenarios  were  developed  for  gas-phase  releases  (i.e., 
carbon-14  as  carbon  dioxide) . 

The  Ross  study 

Ross  (1987)  surveyed  the  events,  processes,  and  features  that  might  play 
a  role  in  disruptions  of  the  performance  of  the  Yucca  Mountain  repository 
site.  He  examined  the  56  processes,  events,  and  features  listed  in  the 
International  Atomic  Energy  Agency  (IAEA)  list  of  phenomena  potentially 
relevant  to  disruptions  of  a  radioactive-waste  repository  (IAEA,  1983)  and, 
on  the  basis  of  information  associated  with  the  Yucca  Mountain  statutory 
environmental  assessment  (DOE  1986b),  concluded  that  about  25  distinct 
events,  processes,  or  features  are  credible  for  the  Yucca  Mountain  situation. 
He  also  identified  84  sequences  formed  from  the  25  events,  processes,  and 
features  that,  if  realized,  could  influence  the  performance  of  one  or  more  of 
the  engineered  or  natural  barriers. 

These  84  sequences  are  summarized  in  the  following  series  of  in-text 
tables.  Each  table  groups  sequences  by  the  event,  process,  or  feature 
believed  to  initiate  the  sequence  or  substantially  guide  its  progress.  The 
tables  identify  the  sequence  number  arbitrarily  assigned  by  Ross  (1987),  as 
well  as  an  abbreviated  description  of  the  sequence. 

Following  each  table  is  a  discussion  of  the  sequences  associated  with 
the  event,  process,  or  feature  that  were  excluded  from  consideration.  Also 
given  are  page  numbers  from  Ross  (1987)  where  the  reasons  for  exclusion  can 
be  found. 

The  sequences  associated  with  climate  change  identified  by  Ross  (1987) 
are  given  in  the  following  table: 
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Table  8.3.5.13-1.   Potentially  significant  scenarios51 

Scenario  Description 

1  Nominal  case  (expected  conditions) 

2  Unexpected  features 

3  Repository  induced  dissolution  of  the  host 

rock 

4  Advance  of  a  dissolution  front 

5  Movement  on  a  large  fault  inside  the  con- 

trolled area  but  outside  the  repository 

6  Movement  on  a  large  fault  within  the 

repository 

7  Movement  on  a  small  fault  inside  the 

controlled  area  but  outside  the 
repository 

8  Movement  on  a  small  fault  within  the 

repository 

9  Movement  on  a  large  fault  outside  the 

controlled  area 

10a  Extrusive  magmatic  event  that  occurs  during 

the  first  500  yr  after  closure 

10b  Extrusive  magmatic  event  that  occurs  500 

to  10,000  yr  after  closure 

11  Intrusive  magmatic  event 

12  Large-scale  exploratory  drilling 

13  Small-scale  exploratory  drilling 

14  Incomplete  sealing  of  the  shafts  and  the 

repository 

aSource:   Table  3.2  in  DOE  (1986a). 
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Ross  sequence 
number 


Sequence  for  climate  change 

An  increase  in  infiltration  due  to  climate  change  at 
the  repository  site  increases  the  unsaturated  water 
flux  through  the  repository. 

An  increase  in  recharge  due  to  climate  change  raises  the 
water  table  beneath  the  repository  above  the  top  of 
the  Calico  Hills  nonwelded  tuff  unit. 

A  higher  water  table  short-circuits  a  flow  barrier  in 
the  saturated  zone,  changing  the  pattern  of  flow. 

Regionally  higher  water  tables  create  discharge  points 
closer  to  the  repository,  reducing  the  distance  to  the 
accessible  environment.   The  rise  in  the  regional 
water  table  floods  the  repository. 

Perched  water  develops  above  the  repository,  diverting 
downward  flow  through  the  repository  into  localized 
zones. 

Perched  water  develops  at  the  base  of  the  Topopah  Spring 
welded  unit.   Flow  through  the  Calico  Hills  unit  is 
diverted  into  fracture  zones  draining  the  perched 
water  table. 


The  sequences  associated  with  climate  change  dismissed  by  Ross  (1987) 
and  the  pages  in  his  report  giving  the  reasons  for  exclusion  are  as  follows: 
increased  recharge  due  to  "greenhouse  effect"  warming  that  exceeds  50  percent 
(p.  16),  recharge  exceeding  maximum  level  attained  during  the  past  100,000 
years  (p.  16),  new  points  of  discharge  of  ground  water  from  the  water-table 
aquifer  closer  than  10  km  from  the  repository  if  the  repository  does  not 
flood  (p.  18),  release  of  radioactivity  from  discharge  of  perched  water 
closer  than  10  km  from  the  repository  (p.  18),  and  flooding  of  the  repository 
by  perched  water  (p.  19) . 

The  sequences  associated  with  stream  erosion  identified  by  Ross  (1987) 
are  given  in  the  following  table: 


Ross  sequence 
number 


Sequence  for  stream  erosion 


Entrenchment  of  the  Amargosa  River  at  Alkali  Flat  lowers 
base  levels  and  increases  regional  gradients. 
Regional  hydraulic  relations  are  such  that  water-table 
lowering  at  Yucca  Mountain  is  insignificant,  but 
increases  in  ground-water  velocity  are  significant. 
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Ross  sequence 

number  Sequence  for  stream  erosion  (continued) 

8         Beds  of  intermittent  streams  now  resting  on  the  Tiva 
Canyon  welded  tuff  unit  erode  through  to  the  under- 
lying nonwelded  unit.   These  washes  form  a  barrier  to 
lateral  flow  in  the  Tiva  Canyon  and  divert  flow  down- 
ward.  Regions  of  high  flux  are  formed  below  them. 

The  sequences  associated  with  stream  erosion  dismissed  by  Ross  (1987) 
and  the  pages  in  his  report  giving  the  reasons  for  exclusion  are  as  follows: 
major  changes  of  course  of  the  washes  on  Yucca  Mountain  (pp.  22-23),  stream 
erosion  rates  in  Yucca  Mountain  washes  exceeding  50  m  over  the  next  10,000 
years  (p.  23),  stream  erosion  that  exposes  the  repository  (p.  23),  and 
substantial  change  in  saturated-zone  hydraulic  gradient  due  to  erosion 
upgradient  or  near  the  repository  (p.  23) . 

The  sequences  associated  with  flooding  identified  by  Ross  (1987)  are 
given  in  the  following  table: 


Ross  sequence 

number  Sequence  for  flooding 

9         Flooding  of  the  washes  on  Yucca  Mountain  is  a  major 

source  of  infiltration,  and  zones  of  higher  moisture 
flux  exist  permanently  or  seasonally  below  washes. 
One  or  more  of  these  zones  is  not  detected  during  the 
site  characterization. 

10  Occasional  major  floods  provide  sufficient  infiltration 

to  overcome  the  capillary  barrier  that  usually  diverts 
flow  laterally,  creating  temporary  wetter  zones 
beneath  the  washes. 

11  Most  percolation  through  the  deeper  unsaturated  portions 

of  Yucca  Mountain  occurs  following  the  major  precipi- 
tation events  whose  recurrence  interval  is  tens, 
hundreds,  or  thousands  of  years.  After  future  events, 
there  are  periods  of  tens  to  hundreds  of  years  during 
which  percolation  through  the  unsaturated  zone  is 
increased  over  the  present  relatively  dry  conditions. 
Fracture  flow  then  occurs  in  the  Topopah  Spring  unit 
and  perhaps  other  hydrogeologic  units  between  the 
repository  and  the  water  table. 

The  sequences  associated  with  faulting  and  seismicity  identified  by  Ross 
(1987)  are  given  in  the  following  table. 
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Ross  sequence 
number 

12 


13 


14 


Sequence  for  faulting  and  seismicity 

Movement  of  a  new  or  existing  fault  shears  canisters 
along  the  line  of  the  fault.   The  same  fault  also 
creates  a  "trap"  for  moisture  moving  laterally  through 
the  Tiva  Canyon  welded  unit,  and  so  the  sheared 
canisters  are  placed  in  a  region  of  enhanced  downward 
moisture  flux. 

Fracture  dilation  along  a  new  or  existing  fault  creates 
zones  of  enhanced  permeability  in  the  Calico  Hills  and 
Paintbrush  nonwelded  units.  Erosion  of  an  arroyo  at 
the  surface  and  increased  hydraulic  conductivity  of 
the  Paintbrush  unit  create  a  zone  of  increased 
percolation  along  the  fault.  Moisture  moves  through 
fractures  along  the  fault. 

The  downdip  side  of  a  new  or  existing  fault  moves  up. 
The  fault  thus  forms  a  "trap"  for  laterally  moving 
moisture  in  the  Tiva  Canyon  welded  unit .  A  new  region 
of  enhanced  flux  through  the  Topopah  Spring  unit  is 
created. 


15 


Fracturing  along  a  newly  mobilized  fault  creates  a 
permeable  pathway  through  the  flow  barrier  north  of 
the  repository  block.  The  magnitude  of  the  resulting 
change  in  the  flow  system  is  sufficient  to  raise  the 
water  table  under  the  repository  to  the  top  of  the 
Calico  Hills  nonwelded  unit. 


16 


As  in  sequence  number  15,  fault-caused  fracturing 
breaches  the  flow  barrier  north  of  the  repository 
block.   Flow  is  blocked  by  another  barrier,  not 
apparent  from  the  current  head  distribution,  and  the 
resulting  rise  in  water  table  floods  the  repository. 
The  water  passing  through  the  repository  discharges 
through  springs  in  Fortymile  Wash. 


The  sequences  associated  with  faulting  and  seismicity  dismissed  by  Ross 
(1987)  and  the  pages  in  his  report  giving  the  reasons  for  exclusion  are  as 
follows:   seismic  acceleration  due  to  earthquakes  centered  outside  the  site 
(p.  28);  formation  of  new  faults  in  areas  where  an  existing  fault  of  the  same 
nature  might  not  be  discovered  during  site  characterization  (p.  29),  fault 
uplift  bringing  waste  canister  to  the  surface  (p.  29),  and  fault  movement 
sufficient  to  place  nonadjacent  tuff  units  in  contact  (p.  30) . 

The  sequences  associated  with  geochemical  changes  identified  by  Ross 
(1987)  are  given  in  the  following  table: 
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Ross  sequence 

number  Sequence  for  geochemical  changes 

17  Precipitation  of  zeolites  or  other  minerals  in  the 

saturated  zone  reduces  effective  porosity  without 
significantly  improving  the  sorptive  properties  of  the 
rocks. 

18  Fracture  flow  occurs  in  the  unsaturated  zone  at  current 

percolation  rates.   Precipitation  or  alteration  of 
minerals  blocks  the  small-aperture  fractures  and 
diverts  the  flow  into  larger  fractures,  increasing  the 
water  velocity. 


The  sequences  associated  with  undetected  faults  and  shear  zones 
identified  by  Ross  (1987)  are  given  in  the  following  table: 


Ross  sequence 

number  Sequence  for  undetected  faults  and  shear  zones 

19  A  wet  zone  below  a  minor  fault  through  the  Tiva  Canyon 

lower  contact  escapes  detection  during  repository 
construction,  and  waste  is  emplaced  in  it. 

20  An  undetected  major  fault  dips  below  the  repository. 

The  fault  has  greater  permeability  than  surrounding 
unfaulted  rock,  and  enhanced  moisture  flow  along  it 
passes  through  the  Calico  Hills  nonwelded  unit  in 
fractures. 

21  An  undetected  major  fault  dips  below  the  repository. 

Because  of  the  formation  of  fault  gouge,  matrix 
hydraulic  conductivity  in  the  fault  is  less  than  the 
moisture  flux,  and  so  moisture  flows  through  the 
Calico  Hills  nonwelded  unit  along  fractures  in  or  just 
above  the  fault. 

22  An  undetected  fault  provides  a  path  for  water  movement 

from  the  tuff  aquifer  beneath  the  western  portion  of 
the  repository  to  an  underlying  carbonate  aquifer. 

The  sequences  associated  with  undetected  faults  and  shear  zones  dismis- 
sed by  Ross  (1987)  and  the  pages  in  his  report  giving  the  reasons  for  exclu- 
sion are  as  follows:  existence  of  undiscovered  major  through-going  faults  in 
tuff  at  the  repository  site  (p.  34),  undiscovered  faults  in  underlying  Paleo- 
zoic sedimentary  or  igneous  intrusive  rocks  (p.  35),  existence  of  a  major 
fault  that  intersects  the  repository  workings  but  is  not  discovered  during 
the  construction  phase  (p.  35),  fault  passing  above  the  repository  but  not 
intersecting  it  (p.  35),  water  movement  from  tuff  to  carbonate  aquifers  in 
the  eastern  portion  of  the  repository  site  (p.  36),  and  undetected  faults 
affecting  only  the  saturated  tuff  aquifer  (p.  37) . 
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The  sequences  associated  with  undetected  dikes  identified  by  Ross  (1987; 
are  given  in  the  following  table: 


Ross  sequence 

number  Sequence  for  undetected  dikes 

23         An  undetected  dike  passing  through  the  Calico  Hills 
nonwelded  unit  beneath  the  repository  has  very  low 
matrix  permeability  but  fairly  high  fracture 
permeability.  Moisture  infiltrating  along  the  dike 
moves  through  fractures. 


The  sequence  associated  with  undetected  dikes  dismissed  by  Ross  (1987) 
and  the  pages  in  his  report  giving  the  reasons  for  exclusion  are  undetected 
intrusive  sills  (p.  38) . 

The  sequence  associated  with  extrusive  magmatic  activity  identified  by 
Ross  (1987)  is  given  in  the  following  table: 


Ross  sequence 

number  Sequence  for  extrusive  magmatic  activity 

24  A  basaltic  volcano  erupts  through  the  repository.  The 

volcano  is  fed  through  a  dike;  waste  canisters  within 
the  dike  mix  with  the  magma,  and  their  contents  are 
erupted. 

The  sequences  associated  with  extrusive  magmatic  activity  dismissed  by 
Ross  (1987)  and  the  pages  in  his  report  giving  the  reasons  for  exclusion  are 
as  follows:  direct  release  by  volcanic  eruption  of  waste  that  does  not  lie 
within  a  feeder  dike  or  vent  (p.  41),  and  indirect  releases  due  to  volcanic 
eruption  (p.  42) . 

The  sequences  associated  with  faulty  waste  emplacement  identified  by 
Ross  (1987)  are  given  in  the  following  table: 

Ross  sequence 

number  Sequence  for  faulty  waste  emplacement 

25  Canisters  are  placed  by  mistake  in  wet  zones. 

26  Drains  installed  to  divert  water  around  canisters  are 

improperly  built  or  omitted  altogether  over  some 
canisters. 
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Ross  sequence 

number 

27 


28 


Sequence  for  faulty  waste  emplacement  (continued) 

Canisters  are  left  lyinq  on  the  floor  of  repository 
drifts.   These  canisters  have  poorer  heat  removal  than 
those  properly  emplaced,  and  their  increased 
horizontal  cross-section  raises  the  amount  of  water 
they  intercept.  Water  drips  on  the  canisters  and 
corrodes  them  even  while  their  temperatures  are  well 
above  95  deqrees  centigrade. 

Canisters  are  placed  closer  together  than  planned.  As  a 
result,  temperatures  inside  the  packages  are  higher 
than  anticipated  and  corrosion  of  fuel  cladding  is 
accelerated. 


29 


30 


Some  waste  canisters  are  manufactured  so  improperly  that 
they  fail  early. 

Some  waste  canisters  are  punctured  or  abraded  during 
emplacement . 


The  sequence  associated  with  irrigation  identified  by  Ross  (1987)  is 
given  in  the  following  table: 


Ross  sequence 
number 

31 


Sequence  for  irrigation 

Irrigation  in  Midway  Valley  increases  the  moisture  flux 
through  the  repository. 


The  sequences  associated  with  irrigation  dismissed  by  Ross  (1987)  and 
the  pages  in  his  report  giving  the  reasons  for  exclusion  are  as  follows: 
irrigation  directly  over  the  repository  (p.  45),  significant  increase  in 
hydraulic  gradient  caused  by  irrigation  elsewhere  in  the  ground-water  basin 
(p.  46),  and  construction  of  water  reservoirs  above  the  repository  (p.  47). 

The  sequences  associated  with  intentional  ground-water  recharge  or 
withdrawal  identified  by  Ross  (1987)  are  given  in  the  following  table. 


Ross  sequence 
number 


Sequence  for  ground-water  recharge 
or  withdrawal 


32 

33 
34 


Water  is  collected  in  covered  cisterns  above  the 
repository  to  enhance  ground-water  recharge. 

Irrigation  wells  are  drilled  in  Midway  Valley. 

Irrigation  wells  are  drilled  in  Crater  Flat  or  Jackass 
Flats. 
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Ross  sequence           Sequence  for  ground-water  recharge 
number  or  withdrawal  (continued) 

35  Pumping  rates  increase  in  the  presently  irrigated  areas 

around  the  town  of  Amargosa  Valley.   The  water  table 
is  significantly  drawn  down,  and  the  hydraulic 
gradient  increases. 

36  Mine  dewatering  is  carried  out  directly  below  the 

repository.   The  saturated  zone  is  eliminated  as  a 
barrier. 


The  sequence  associated  with  intentional  ground-water  recharge  or 
withdrawal  discussed  by  Ross  (1989)  and  the  page  in  his  report  giving  the 
reasons  for  exclusion  are  artificial  recharge  using  water  imported  from 
outside  the  vicinity  of  the  repository  (p.  47) . 

The  sequence  associated  with  large-scale  alterations  of  hydrology 
identified  by  Ross  (1987)  is  given  in  the  following  table: 


Ross  sequence 

number         Sequence  for  large-scale  alterations  of  hydrology 

37         An  active  management  scheme  is  introduced  for  the  Alkali 
Flat-Furnace  Creek  Ranch  ground-water  basin,  by  which 
hydraulic  gradients  in  the  saturated  zone  beneath  the 
repository  are  increased. 

The  sequence  associated  with  large-scale  alterations  of  hydrology 
dismissed  by  Ross  (1987)  and  the  page  in  his  report  given  the  reasons  for 
inclusion  is  damming  of  the  Colorado  River  (p.  50). 

The  sequence  associated  with  undiscovered  boreholes  identified  by  Ross 
(1987)  is  given  in  the  following  table. 


Ross  sequence 

number  Sequence  for  undiscovered  boreholes 

38         A  horizontally  emplaced  waste  canister  lies  in  the  trace 
of  an  old  undiscovered  borehole.  Moisture  conditions 
are  wetter  than  now  thought,  and  water  flows  in 
fractures  in  the  old  borehole. 


The  sequences  associated  with  undiscovered  boreholes  dismissed  by  Ross 
(1987)  and  the  page  in  his  report  giving  the  reasons  for  exclusion  are 
as  follows:   undiscovered  boreholes  in  which  waste  canisters  are  not  placed 
(p.  51),  and  emplacement  of  wastes  in  tunnel  floors  in  the  trace  of  an 
undiscovered  borehole  (p.  51) . 
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The  sequence  associated  with  undiscovered  mine  shafts  identified  by  Ross 
(1987)  is  given  in  the  following  table: 


Ross  sequence 

number  Sequence  for  undiscovered  mine  shafts 

39         An  old  prospect  in  a  wash  retains  water  after  floods  and 
therefore  is  a  source  of  enhanced  infiltration.   The 
wet  zone  beneath  it  is  not  detected  during  repository 
construction,  and  waste  is  emplaced  in  it. 


The  sequences  associated  with  undiscovered  mine  shafts  dismissed  by  Ross 
(1987),  and  the  pages  in  his  report  giving  the  reasons  for  exclusion  are 
as  follows:   undiscovered  deep  mine  shafts  (p.  52),  and  undiscovered  shallow 
prospector  shafts  outside  washes  (p.  52) . 

The  sequences  associated  with  exploratory  drilling  identified  by  Ross 
(1987)  are  given  in  the  following  table: 


Ross  sequence 

number  Sequence  for  exploratory  drilling 

40  Exploratory  drillers  intercept  a  waste  canister  and 

bring  waste  up  with  the  cuttings. 

41  Water  introduced  into  the  unsaturated  zone  as  drilling 

fluid  by  exploratory  drillers  drains  downward,  through 
the  repository. 

42  An  exploratory  borehole  creates  a  pathway  for 

preferential  flow  through  the  upper  nonwelded  unit, 
and  a  wetter  zone  develops  beneath  in  the  Topopah 
Spring  welded  unit . 

43  Surfactants  introduced  into  unsaturated  rock  by  drilling 

fluids  shift  its  characteristic  curve,  draining 
smaller  pores  around  the  borehole.  Water  introduced 
by  subsequent  infiltration  events  acts  as  though  air 
were  the  wetting  phase  and  flows  through  large  pores 
and  fractures. 


The  sequence  associated  with  exploratory  drilling  dismissed  by  Ross 
(1987)  and  the  page  in  his  report  giving  the  reasons  for  exclusion  are 
exploratory  drilling  to  prepare  for  recovery  of  HLW  from  the  repository 
(p.  53). 

The  sequences  associated  with  resource  mining  identified  by  Ross  (1987] 
are  given  in  the  following  table: 


.3.5.13-35 


DECEMBER  1988 

Ross  sequence 

number Sequence  for  resource  mining 

44  Builders  of  a  mine  shaft  intercept  a  waste  canister  and 

bring  radioactive  waste  up  with  the  mine  waste. 

45  Water  introduced  into  the  unsaturated  zone  for  mining 

above  the  repository  drains  downward  through  the 
repository. 

46  A  mine  shaft  crates  a  pathway  for  preferential  flow 

through  the  upper  nonwelded  unit,  and  a  wetter  zone 
develops  beneath  in  the  Topopah  Spring  welded  unit. 

47  Surfactants  introduced  into  unsaturated  rock  by  drilling 

fluids  shift  its  characteristic  curve,  draining 
smaller  pores  around  the  mine.  Water  introduced  by 
subsequent  infiltration  events  acts  as  though  air  were 
the  wetting  phase  and  flows  through  large  pores  and 
fractures . 


The  sequences  associated  with  resource  mining  dismissed  by  Ross  (1987) 
and  the  pages  in  his  report  giving  the  reasons  for  exclusion  are  as  follows: 
lowering  of  water  table  due  to  "mining"  of  ground  water  (p.  55) ;  and  mining 
of  the  repository  level  for  minerals  other  than  the  waste  itself  (p.  56) . 

The  sequences  associated  with  climate  control  identified  by  Ross  (1987) 
are  given  in  the  following  table. 


Ross  sequence 

number  Sequence  for  climate  control 

48  An  increase  in  recharge  at  the  repository  site  due  to 

artificial  climate  change  increases  the  unsaturated 
water  flux  through  the  repository. 

49  An  increase  in  recharge  due  to  climate  modification 

raises  the  water  table  beneath  the  repository  above 
the  top  of  the  Calico  Hills  nonwelded  tuff  unit  and 
induces  fracture  flow  in  the  welded  Topopah  Spring 
unit. 

50  Recharge  induced  by  large-scale  climate  modification 

raises  the  regional  water  table  sufficiently  to  flood 
the  repository. 

51  A  higher  water  table  due  to  climate  modification 

short-circuits  a  flow  barrier  in  the  saturated  zone, 
changing  the  pattern  of  flow. 
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Ross  sequence 

number  Sequence  for  climate  control  (continued) 

52  Perched  water  develops  above  the  repository  because  of 

climate-modification-induced  recharqe,  diverting 
downward  flow  through  the  repository  into  localized 
zones. 

53  An  increase  in  recharge  due  to  climate  control  causes 

perched  water  to  develop  at  the  base  of  the  Topopah 
Spring  welded  unit.   Flow  through  the  Calico  Hills 
nonwelded  unit  is  diverted  into  fracture  zones 
draining  the  perched  water  table. 


The  sequences  associated  with  differential  elastic  response  to  heating 
identified  by  Ross  (1987)  are  given  in  the  following  table: 


Ross  sequence 

number      Sequence  for  differential  elastic  response  to  heating 

54  Thermal  expansion  closes  most  fractures  near  the 

repository.   Pre-existing  fracture  percolation  is 
diverted  into  fractures  of  larger  aperture. 

55  Differential  thermal  expansion  of  surrounding  rocks 

stresses  canisters,  leading  to  stress-corrosion 
cracking. 

56  Differential  thermal  expansion  of  surrounding  rocks 

creates  stresses  that  shear  canisters. 

57  Rock  movements  driven  by  thermal  expansion  of  underlying 

units  open  fractures  through  the  Paintbrush  nonwelded 
unit.   This  creates  local  zones  of  increased  flux 
through  the  unsaturated  units  below. 

The  sequence  associated  with  differential  elastic  response  to  heating 
dismissed  by  Ross  (1987)  and  the  page  in  his  report  giving  the  reasons  for 
exclusion  are  opening  or  closing  of  fractures  due  to  thermal  expansion  under 
natural  flux  conditions  (p.  60) . 

The  sequence  associated  with  nonelastic  response  to  heating  identified 
by  Ross  (1987)  is  given  in  the  following  table: 
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Ross  sequence 

number  Sequence  for  nonelastic  response  to  heating 

58         Thermally  induced  fracturing  of  rocks  immediately 

surrounding  waste  canisters  creates  capillary  barriers 
to  movement  of  moisture  between  blocks  of  the  rock 
matrix.   The  matrix  is  locally  saturated,  forcing  flow 
out  into  the  fractures  and  resulting  in  film  flow  or 
droplet  impact  on  waste  packages.   The  result  is 
accelerated  localized  corrosion  and  waste  dissolution. 


The  sequences  associated  with  nonelastic  response  to  heating  dismissed 
by  Ross  (1987)  and  the  page  in  his  report  giving  the  reasons  for  exclusion 
are  as  follows:   fracturing  of  rock  due  to  thermal  expansion  more  than  10  cm 
from  waste  canisters  (p.  62),  and  changes  in  ground-water  travel  time  due  to 
fracturing  of  rock  near  canisters  (p.  62) . 

The  sequences  associated  with  temperature-driven  fluid  migration 
identified  by  Ross  (1987)  are  given  in  the  following  table: 


Ross  sequence 

number  Sequence  for  temperature-driven  fluid  migration 

59  Water  accumulates  above  a  repository  during  the  thermal 

period  because  of  evaporation  and  condensation.  When 
gravity-driven  flow  resumes,  a  large  volume  of  water 
contacts  canisters,  and  flow  goes  through  fractures. 

60  Emplacement  of  waste  in  the  floor  of  repository  drifts 

creates  a  large  thermal  gradient  across  the  drifts. 
Moisture  condenses  on  the  roof  and  drips  onto 
canisters,  accelerating  corrosion. 

61  Temperature  inhomogeneities  in  the  repository  lead  to 

localized  accumulation  of  moisture  above  it.  Wet 
zones  form  below  the  areas  of  moisture  accumulation. 

62  A  thermal  convection  cell  arises  in  the  saturated  zone 

beneath  the  repository.  The  thermally  driven  outward 
water  flow  in  the  upper  portion  of  the  tuff  aquifer 
increases  ground-water  velocities. 

The  sequences  associated  with  temperature-driven  fluid  migration 
dismissed  by  Ross  (1987)  and  the  pages  in  his  report  giving  the  reasons  for 
exclusion  are  as  follows:  temperature  dependence  of  water  pressure,  density, 
viscosity  and  rock  relative  permeability  (p.  63),  formation  of  artificial 
geysers  by  steam  pressure  of  repository  (p.  65),  transport  of  radioactive 
aerosols  to  surface  through  drained  fractures  (p.  66),  Soret  effect  (p.  67), 
and  thermal  osmosis  (p.  67) . 
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The  sequence  associated  with  local  mechanical  fracturing  identified  by 
(Ross  1987)  is  given  in  the  following  table: 


Ross  sequence 

number  Sequence  for  local  mechanical  fracturing 

63         Rock  bursts  propel  rocks  into  waste  packages  and 
puncture  the  canisters. 


The  sequences  associated  with  local  mechanical  fracturing  dismissed  by 
Ross  (1987)  and  the  pages  in  his  report  giving  the  reasons  for  exclusion  are 
as  follows:   subsidence  creating  open  fractures  to  surface  (p.  68),  and  in- 
creases in  permeability  due  to  fracturing  around  repository  workings  (p.  69) 

The  sequences  associated  with  corrosion  identified  by  Ross  (1982)  are 
given  in  the  following  table: 


Ross  sequence 

number  Sequence  for  corrosion 

64  Water  drips  or  wicks  onto  canisters  at  specific 

locations,  leading  to  buildup  of  brine  deposits  on 
small  previously  stressed  areas.   These  areas  are 
focuses  of  localized  attack. 

65  Water  drips  or  wicks  onto  canisters  at  specific 

locations,  leading  to  buildup  of  brine  deposits  on 
small  areas  that  happen  to  have  previously  been 
stressed.   Stress-corrosion  cracking  ensues. 

66  The  canister  material  is  subject  to  stress-corrosion 

cracking,  but  the  initiation  time  is  too  long  to  be 
detected  in  tests.   Canisters  fail  by  this  mechanism  a 
few  decades  after  the  repository  has  been  sealed. 

67  Canisters  are  sensitized  by  long-term  storage  at 

moderately  hot  temperatures  in  the  repository. 
Stress-corrosion  cracking  (or  perhaps  intergranular 
corrosion)  ensues  in  a  stressed  zone. 

68  Zircaloy  cladding  is  subject  to  stress-corrosion 

cracking  at  repository  temperatures,  but  initiation 
times  are  too  long  for  detection  in  in-reactor  service 
or  in  the  repository  testing  program. 

69  After  canister  breach,  colloids  of  corrosion  products 

sorb  normally  highly  retarded  radionuclides  and  carry 
them  away  unretarded. 
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The  sequences  associated  with  corrosion  discussed  by  Ross  (1987)  and  the 

pages  in  his  report  giving  the  reasons  for  exclusion  are  as  follows:  erosion 

corrosion  (p.  70),  galvanic  corrosion  (p.  70),  selective  leaching  (p.  70), 
and  hydrogen  attack  on  canisters  (p.  71) . 

The  sequences  associated  with  chemical  reaction  of  the  waste  package 
with  rock  identified  by  Ross  (1987)  are  given  in  the  following  table: 

Ross  sequence             Sequence  for  chemical  reaction  of 
number  waste  package  with  rock 

70  Water  dripping  or  running  over  waste  contains  ions  that 

precipitate  uranium.   The  precipitation  reaction 
removes  uranium  from  solution  and  increases  the  rate 
of  fuel  dissolution. 

71  Waste  and  rock  are  placed  in  close  juxtaposition  by 

mechanical  failure  of  emplacement  holes  or  drifts,  or 
by  small  movements  on  faults.   Reactions  between 
uranium,  rock  minerals,  and  water  in  contact  with  both 
precipitate  uranium,  leading  the  spent  fuel  to 
dissolve  more  rapidly  than  if  constrained  by  the 
equilibrium  solubility  of  uranium. 

72  The  high  dissolved-silica  content  of  natural  waters 

entering  the  repository  causes  rapid  corrosion  of 
Zircaloy  fuel  cladding. 

73  Colloids  are  formed  from  the  rock  by  alteration  under 

thermal,  mechanical,  and  chemical  stresses.  Normally 
well-retarded  radioelements  such  as  plutonium  and 
americium  sorb  to  the  colloids. 

74  Waste-contaminated  water  reacts  with  rock,  and  colloid 

phases  of  minerals  containing  radioelements  are  formed 
by  coprecipitation.  The  colloids  are  transported  with 
little  or  no  retardation. 


The  sequences  associated  with  geochemical  alteration  identified  by  Ross 
(1987)  are  given  in  the  following  table: 


Ross  sequence 

number  Sequence  for  geochemical  alteration 

75         During  the  period  of  heating  of  rocks  around  the 
repository,  minerals  adjacent  to  the  residual 
water-bearing  pores  are  altered  to  clays.  These  clays 
clog  the  pores.  When  the  repository  cools,  water 
flows  through  fractures. 
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Ross  sequence 
number 

76 


77 


78 


79 


80 


81 


Sequence  for  geochemical  alteration  (continued) 

During  the  thermal  period,  zeolite  minerals  in  fracture 
fillings  are  altered  to  less  sorptive  phases. 

Waters  moving  away  from  the  hot  region  around  the 

repository  precipitate  minerals  derived  from  dissolved 
constituents  of  tuff  and  cements  used  in  repository 
construction.   These  minerals  clog  pores  and  divert 
subsequent  flows  into  fractures. 

Evaporation  of  ground  water  in  the  hot  zone  near  the 
repository  horizon  leaves  precipitates  that  plug 
pores.  As  a  result,  when  gravity-driven  flow  resumes, 
water  near  the  repository  is  diverted  into  fractures. 
Initially,  there  is  a  pulse  of  corrosive  brine. 

Evaporation  of  ground  water  in  the  hot  zone  near  the 
repository  horizon  leaves  precipitate.  When  gravity- 
driven  flow  resumes,  the  precipitates  redissolve,  and 
after  a  short  period  of  fracture  flow,  the  flow 
returns  to  the  matrix.   There  is  a  considerable  period 
of  flow  of  corrosion  brines  with  elevated  dissolved 
solids. 

There  is  fracture  flow  in  the  Topopah  Spring  welded  unit 
even  under  undisturbed  conditions.   Chemical  reactions 
induced  by  repository  heat  plug  smaller-aperture 
fractures.  After  the  thermal  pulse  ends,  percolation 
is  diverted  into  larger  fractures. 

Water  passing  through  the  warm  region  around  the 
repository  is  depleted  of  calcite  by 
temperature-induced  precipitation.   Below  the 
repository,  the  calcite-poor  water  dissolves  out 
calcite  veins  in  the  Calico  Hills  nonwelded  unit. 


The  sequences  associated  with  chemical  alteration  dismissed  by  Ross 
(1987)  and  the  pages  in  his  report  giving  the  reasons  for  exclusion  are  as 
follows:  thermal  release  of  moisture  from  hydrated  zeolites  (p.  76),  and 
loss  of  mechanical  strength  due  to  thermal  dehydration  and  rehydration  of  the 
Topopah  Spring  welded  unit  (p.  77) . 

The  sequences  associated  with  microbial  activity  identified  in  Ross 
(1987)  are  given  in  the  following  table: 


Ross  sequence 
number 

82 


Sequence  for  geochemical  alteration 
Microbial  activity  accelerates  canister  corrosion, 
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Ross  sequence 
number 

83 

84 


Sequence  for  geochemical  alteration  (continued) 

Microbial  activity  accelerates  cladding  corrosion. 

Radionuclides  are  incorporated  into  microorganisms  or 
sorbed  on  their  surfaces.  Waste  dissolution  is 
accelerated.   The  nuclides  taken  up  by  microorganisms 
are  unaffected  by  chemical  sorption  or  matrix 
diffusion. 


The  sequences  associated  with  microbial  activity  discussed  by  Ross 
(1987)  and  the  pages  in  his  report  giving  the  reasons  for  exclusion  are 
microbial  deterioration  of  concrete  or  bentonite  (p.  82);  transport  of 
radioactivity  by  motile  microorganisms  (p.  82);  and  microbial  alteration  of 
ground-water  chemistry  (p.  83) . 

Ross  (1987)  also  dismissed,  or  chose  not  to  identify,  any  sequences 
associated  with  certain  events,  processes,  and  features  in  the  IAEA  list 
(IAEA,  1983) ;  a  summary  of  these  dismissed  events,  processes,  and  features  is 
given  in  the  following  table,  along  with  the  page  numbers  of  his  report  where 
the  reasons  for  dismissing  each  item  are  given. 


Event,  process, 
or  feature 

Hydrology  change 


Sea-level  change 


Denudation 


Glacial  erosion 
Sedimentation 

Diagenesis 

Diapirism 

Dissolution 


Sequence  description  and  Ross  text  page 

Change  in  hydrologic  system  not  caused  by  some 
other  event  or  process  (p.  20) 

Change  of  base  level  due  to  flooding  of  Death 
Valley  caused  by  seal  level  change  (p.  20) . 

Lowering  of  the  land  surface  to  the  level  of  the 
repository  by  denudation  (p.  21) . 

Denudation  that  exposes  the  present  water  table 
within  the  ground-water  basin  (p.  22) . 

Change  in  unsaturated-zone  flow,  due  to  removal 
of  the  Paintbrush  nonwelded  unit  above  the 
repository  by  denudation  (p.  22)  . 

Glaciation  (p.  24)  . 

Sedimentation  that  affects  the  repository  (p. 
27)  . 

Sedimentary  diagenesis  (p.  28) . 

No  salt  or  shale  formation  (p.  28) . 

Not  a  concern  at  Yucca  Mountain  (p.  33) . 
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Event,  process, 
or  feature 

Brine  pockets 

Orogeny 


Epeirogenic  uplift 
and  subsidence 


Isostatic  uplift 
and  subsidence 

Undetected  breccia 
pipes 

Undetected  lava 
tubes 

Undetected  gas  or 
brine  pockets 

Magmatic  intrusion 


Meteorite  impact 

Shaft-seal 
failure 

Failure  of 
exploration- 
borehole  seals 


Seguence  description  and  Ross 
text  page  (continued) 

Not  a  concern  at  Yucca  Mountain  (p.  33) . 

Cessation  or  reversal  of  current  Great  Basin 
orogeny  (p.  33) . 

Epeirogenic  uplift  (p.  34) . 

Epeirogenic  subsidence  of  repository  toward 
water  table  (p.  34) . 

No  Pleistocene  glaciation  at  Yucca  Mountain 
(p.  34). 

Not  a  concern  at  Yucca  Mountain  (p.  38) . 


Existence  of  lava  tubes  unlikely  at  Yucca 
Mountain  (p.  38)  . 

Not  a  concern  at  Yucca  Mountain  (p.  39) . 


Granitic  intrusion  (p.  39) . 

Intrusion  of  large  bodies  of  basaltic  magma 
(p.  39). 

Container  failure  caused  by  intrusion  of  dikes 
or  sills  (p.  39) . 

Intrusion  of  magma  into  repository  drifts 
(p.  40). 

Indirect  releases  of  radioactivity  due  to 
magmatic  intrusion  accompanying  a  volcanic 
eruption  (p.  40) . 

Magmatic  intrusion  below  the  repository  (p.  40] 

Probability  less  than  1  in  100  million  (p.  42) 

Not  a  concern  in  unsaturated  zone  (p.  43) . 

Not  a  concern  in  unsaturated  zone  (p.  43) . 
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Event,  process, 
or  feature 

Chemical  liquid 
waste  disposal 


Archaeological 
exhumation 

War 


Sabotage 
Waste  recovery 

Canister  movement 

Gas  generation 

Radiolysis 

Decay-product  gas 
generation 

Nuclear  criticality 


Sequence  description  and  Ross 
text  page  (continued) 

Deep-well  injection  of  chemical  wastes  (p.  49) . 

Construction  of  surface  impoundments  for 
chemical  wastes  (p.  50) . 

Not  a  proper  concern  of  performance  assessment 
(p.  55) . 

Fracturing  of  rock  by  nuclear  explosion  in  a  war 
(p.  57);  exhumation  of  waste  by  nuclear 
explosion  in  a  war  (p.  57) . 

Unlikely  action  at  Yucca  mountain  (p.  57) . 

Not  a  proper  concern  of  performance  assessment 
(p.  57)  . 

Significant  canister  movement  not  expected 
(p.  68)  . 

Not  a  concern  in  an  unsaturated  repository 
(p.  75). 

Radiolytic  pressure  buildup  (p.  79) . 

Not  an  independent  failure  mode  for  canister 
generation  (p.  80) . 

Criticality  in  a  spent-fuel  canister  (p.  81) . 

Criticality  due  to  precipitation  of  plutonium  in 
a  zone  of  reducing  conditions  (p.  81) . 

Criticality  due  to  accumulation  of  plutonium  on 
a  sorbing  zeolite  seam  (p.  81) . 


Finally,  Ross  (1987)  did  not  explicitly  consider  disruptive  sequences 
that  could  involve  the  release  and  transport  of  gas-phase  radioelements,  such 
as  carbon-14  and  iodine,  to  the  accessible  environment. 

Scenario  classes  defined  in  the  Ross  study 

The  in-text  tables  that  compose  most  of  the  preceding  subsection  on  the 
Ross  study  list  the  25  agents  identified  in  the  Ross  study.   These  agents 
include  eleven  natural  processes,  one  anthropogenic  process  (climate 
control) ,  three  natural  events  (flooding,  faulting,  and  extrusive  magmatic 
activity),  five  anthropogenic  events,  and  five  undetected  features.  An 
estimate  can  be  made  of  the  number  of  independent,  mutually  exclusive 
scenario  classes  contained  in  the  Ross  study.  (The  reader  may  wish  to  review 
Part  1  (methods  of  constructing  a  CCDF) ,  for  the  rationale  of  these 
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estimates.  The  eight  events  and  five  undetected  features  are  assumed  to  be 
mutually  statistically  independent  entities;  that  is,  information  about  the 
occurrence  of  one  such  entity  gives  no  information  about  the  future 
occurrence  of  any  of  the  others.  All  hypothetical  seguences  are  also  assumed 
to  be  somehow  resolved,  so  that  there  are  no  two-state  alternative  models  in 
the  picture.   The  number  of  independent,  mutually  exclusive  scenario  classes 
is  then 

28+5  =  213  -  8,921. 

This  estimate  illustrates  why  the  DOE  cannot  give  a  detailed  description 
of  all  the  independent,  mutually  exclusive  scenario  classes  it  will  consider 
within  the  confines  of  the  present  document.   The  estimate  also  demonstrates 
the  necessity  for  screening  proposed  events,  processes,  features,  and  alter- 
native models  against  conseguences,  in  order  to  reduce  the  number  of  scenario 
classes  that  will  ultimately  be  included  in  a  licensing  assessment.   For  each 
event,  feature,  or  two-state  alternative  model  that  can  be  eliminated  by 
screening  (that  is,  by  showing  that  inclusion  of  such  an  agent  in  the 
analyses  leads  to  insignificant  changes  in  the  CCDF) .   The  number  of  scenario 
classes  can  be  reduced  by  one  half. 

Favorable  and  potentially  adverse  conditions  of  10  CFR  60.122 

The  siting  criteria  of  10  CFR  60.122  specify  certain  potentially  adverse 
conditions  (PACs) .  The  evaluation  of  the  site  with  regard  to  these  condi- 
tions is  taken  up  in  the  strategy  to  resolve  Issue  1.8,  which  directly 
addresses  the  siting  criteria  (Section  8.3.5.17).   Because  these  conditions 
may  be  important  to  waste  isolation,  they  should  be  taken  into  account  in  the 
strategy  for  the  resolution  of  this  issue  in  particular,  in  the  development 
of  scenarios  for  the  evaluation  of  release  of  radionuclides  to  the  accessible 
environment . 

The  set  of  PACs  from  the  regulation  is  listed  in  Table  8.3.5.17-2,  which 
numbers  them  in  the  same  order  as  10  CFR  60.122.   The  24  PACs  listed  in  that 
table  do  not  necessarily  define  24  disruptive  scenarios.   For  example,  the 
set  of  PACs  was  developed  on  the  basis  of  generic  considerations,  and  a  few 
do  not  apply  to  the  Yucca  Mountain  site  at  all  (e.g.,  PAC  10)  .   Others  may  be 
associated  with  the  expected  characteristics  of  the  site  (e.g.,  PAC  24)  and 
therefore  need  to  be  taken  into  account  in  the  nominal,  or  expected-case, 
scenario  class.  Others  of  these  PACs,  however,  should  be  explicitly  con- 
sidered in  developing  the  classes  of  disruptive  scenarios  for  the  analysis  of 
repository  system  performance.   The  association  of  each  such  PAC  with  one  or 
more  scenario  classes  is  explained  in  the  next  subsection.   The  approach  used 
in  making  this  association  was  simply  to  compare  each  of  the  PACs  with  the 
scenario  classes  developed  for  the  potentially  significant,  site-specific 
processes  and  events.   This  comparison  led  to  an  effort  to  ensure  that  each 
PAC  considered  applicable  to  the  Yucca  Mountain  site  is  addressed  by  the 
nominal  scenario  class  or  by  one  or  more  of  the  disruptive  scenario  classes. 
Further,  each  of  the  scenario  classes  was  defined  to  clarify  the  association 
with  the  relevant  PACs.  This  association  is  explained  in  the  next  subsection 
and  is  discussed  in  some  detail  in  Section  8.3.5.17. 
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Scenario  classes  to  guide  the  site-characterization  program 

The  specification  of  the  information  needs  to  resolve  this  issue  is  to 
be  framed  in  terms  of  a  set  of  scenario  classes  chosen  to  address  all  the 
processes  and  events  considered  potentially  significant  to  release  of  radio- 
nuclides to  the  accessible  environment  at  the  Yucca  mountain  site.   This  set 
includes  the  nominal  class  and  a  sufficient  number  of  additional  classes  to 
address  all  the  credible  disruptions  to  this  undisturbed  class. 

As  the  discussions  in  the  previous  subsections  suggest,  few  scenarios 
have  been  screened  out  at  this  time.   In  general,  the  scenarios  eliminated  by 
Ross  (1987)  and  those  scenarios  screened  out  as  part  of  the  DOE  decision- 
aiding  methodology  (1986a)  are  assumed  to  be  inapplicable  at  Yucca  Mountain. 
Such  scenarios  would  include  events  such  as  meteorite  impact  and  tornadoes, 
and  processes  such  as  sedimentation  and  glaciation.   The  scenarios  specified 
in  the  compilations  of  the  previous  subsections  are  considered  by  the  DOE  to 
be  adeguate  to  guide  the  testing  program. 

As  explained  previously  in  the  discussion  entitled  "DOE  approach  to 
constructing  a  CCDF,  the  nominal  scenario  class  is  defined  by  the  conditions 
that  the  available  evidence  suggests  are  expected  at  the  site.   These  con- 
ditions are  described  in  Section  8.3.5.8  and,  more  generally,  in  Section  8.0, 
which  discusses  the  top-level  strategy  for  the  site-characterization  program. 
The  following  three  paragraphs  are  taken  from  Section  8.0  as  a  brief  summary 
of  the  scope  of  the  nominal  scenario  class. 

The  currently  available  information  suggests  that  small  amounts  of  water 
are  available  to  percolate  slowly  downward  through  Yucca  mountain.   If  the 
Yucca  Mountain  site  is  developed  for  a  repository,  water  that  moves  through 
the  unsaturated  rock  above  the  repository  could  continue  down  to  the 
unsaturated  rock  unit  in  which  underground  repository  would  be  constructed. 
If  any  of  this  water  could  reach  penetrate  the  engineered  barrier  system  and 
the  emplaced  waste,  it  might  dissolve  radionuclides  and  carry  them  in 
solution  through  the  unsaturated  rock  below  the  repository  to  the  saturated 
rock  deep  beneath  the  site.  After  reaching  saturated  rock,  the  water  joins 
the  much  larger,  horizontal  flow  there;  therefore,  radionuclides  that  are 
carried  by  the  water  could  be  transported  by  the  flow  in  the  saturated  zone 
and  move  toward  the  accessible  environment. 

This  seguence  of  events — downward  water  movement,  water  penetration  into 
the  engineered-barrier  system,  and  downward  transport  of  radionuclides  to 
saturated  rock,  and  horizontal  transport  to  the  accessible  environment 
— defines  the  expected  mode  of  release  in  the  nominal  scenario.  According  to 
the  available  evidence,  the  percolation  flux  at  and  below  the  repository 
horizon  is  very  low.  Furthermore,  it  appears  that  the  percolation  of  water 
through  the  unsaturated  rock  units  at  this  depth  is  primarily  in  the  rock 
matrix  rather  than  through  fractures.   If  the  water  is  held  tightly  within 
the  rock,  as  it  appears  to  be,  it  would  not  be  excepted  to  move  from  the  rock 
across  the  air  gap  to  the  waste  container;  the  water  would  therefore  not  be 
expected  to  reach  the  waste.   Furthermore,  the  results  of  preliminary  studies 
suggest  that  the  quantity  of  moving  water  is  so  small  that  any  corrosion  of 
the  disposal  container  and  the  dissolution  of  radionuclides  would  be  very 
limited  even  if  the  water  could  cross  the  air  gap.  The  evidence  also 
suggests  that  the  movement  of  water  in  the  rock  matrix  is  very  slow,  and 
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therefore  the  transport  of  any  radionuclides  dissolved  in  this  water  downward 
through  the  unsaturated  rocks  below  the  repository  would  be  very  slow.  An 
additional  characteristic  of  the  unsaturated  rock  is  the  geochemistry  of  the 
water  in  the  rock,  which  will  determine  the  radionuclide  dissolution  and  the 
retardation  of  radionuclide  transport. 

One  further  seguence  of  events  might  contribute  to  a  release  under  the 
conditions  expected  at  Yucca  Mountain  and  is  also  included  in  the  nominal 
case.   If  the  waste  containers  are  breached,  the  radionuclides  that  exist  in 
the  waste  in  gaseous  form  might  move  upward  through  the  air  spaces  in  the 
unsaturated  rock  above  the  repository.   They  might  then  reach  the  accessible 
environment  at  the  ground  surface  above  the  repository.   The  available  infor- 
mation is  not  complete  enough  to  decide  definitively  whether  this  seguence  is 
capable  of  producing  significant  releases.   It  is  not  clear,  for  example, 
that  the  waste  form  can  release  gaseous  radionuclides  rapidly  enough  or  in 
sufficient  guantities  for  the  release  to  be  important.  Nevertheless,  in  this 
scenario  class  it  is  assumed  that  this  mode  could  also  contribute  to  release 
to  the  accessible  environment. 

The  effects  of  repository  construction  and  the  heat  generated  by  the 
emplaced  waste  must  be  fully  taken  into  account  in  the  nominal  scenario 
class.   These  effects  include  changes  in  the  hydrologic  properties  and  in  the 
fluid  conditions  in  the  vicinity  of  the  waste  packages;  they  include  the 
effects  of  temperature  increases  and  thermomechanical  stresses  on  the  waste 
packages  themselves.   The  testing  program  must  provide  the  information  to 
evaluate  these  and  other  effects  for  the  nominal  scenario  class. 

There  are  clearly  large  uncertainties  in  the  specification  of  the 
nominal  scenario  class,  and  the  information  needs  for  this  issue  will  have  to 
address  the  full  range  of  these  uncertainties.   The  investigations  of  the 
hydrogeologic,  geochemical,  and  rock  characteristics  that  fully  specify  this 
scenario  must  take  into  account  the  full  range  of  tectonic  and  climatic 
conditions  that  are  expected  at  the  site.   In  addition,  any  expected  changes 
in  these  conditions  that  are  not  sufficient  to  change  the  general  description 
that  has  been  given  would  be  taken  into  account  in  the  nominal  class. 
Therefore,  the  nominal  class  can  include  a  wide  range  of  expected  tectonic 
and  seismic  activity  and  climatic  conditions. 

Extreme  conditions  outside  the  ranges  considered  for  the  nominal  class, 
that  is,  those  that  may  be  possible  but  have  very  low  probability  of  occur- 
rence at  the  site,  are  considered  in  the  category  of  disturbed  conditions. 
For  example,  extreme  values  of  the  percolation  flux  that  are  sufficiently 
credible  to  warrant  consideration,  but  that  are  not,  in  fact,  expected  at  the 
site  would  be  included  in  this  category.   The  category  of  disturbed  condi- 
tions also  includes  those  that  would  result  from  disruptive  processes  or 
events.  For  example,  tectonic  activity  that  could  significantly  change 
ground-water  flow  conditions  would  be  taken  into  account  in  the  category  of 
disturbed  conditions.  Any  volcanic  activity  or  extreme  climatic  changes 
would  also  be  included  in  the  category  of  disturbances  to  the  nominal  case, 
as  would  credible  human  activities  that  could  interfere  with  expected 
repository  system  performance. 

Such  disturbances  will  be  explicitly  taken  into  account  in  the  dis- 
ruptive scenario  classes.   The  three  scenario-screening  compilations 
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described  above  identify  a  number  of  disruptive  scenarios  and  provide  the 
basis  for  selecting  the  scenario  classes  used  to  develop  the  information 
needs  for  this  performance  issue.   The  disruptive  scenario  classes  that  are 
used  to  guide  testing  and  the  correlation  of  these  scenario  classes  with  the 
scenarios  of  the  three  compilations  are  presented  in  Table  8.3.5.13-2.   This 
table  show  that  this  set  of  scenario  classes  is  strongly  correlated  with  the 
set  of  scenarios  of  the  Ross  report.   Thus,  the  issue  resolution  strategy  is 
in  general  agreement  with  the  screening  and  conclusions  of  this  study. 

The  list  of  candidate  scenario  classes  in  Table  8.3.5.13-2,  however, 
differs  from  the  set  of  scenarios  from  the  Ross  study  in  two  ways.   First, 
several  of  the  scenarios  described  by  Ross  are  enveloped  by  the  nominal 
scenario  class  in  this  issue-resolution  strategy;  they  do  not  appear  in  the 
table.   For  example,  the  particular  flooding  scenarios  (scenarios  9,  10,  and 
11)  and  geochemical-change  scenarios  (scenarios  17  and  18)  considered  by  Ross 
lead  to  hydrogeologic  and  geochemical  conditions  that  are  taken  into  account 
in  the  nominal  class.   That  is,  investigations  of  the  range  of  hydrogeologic 
and  geochemical  characteristics  by  the  site  characterization  program  should 
be  adequate  for  understanding  the  effects  described  in  those  scenarios. 

All  the  Ross  scenarios  associated  with  undetected  features  (scenarios 
19  through  23,  38,  and  39)  have  also  been  included  in  the  nominal  scenario 
class.  At  this  stage  of  the  site  characterization  program,  it  seems 
appropriate  to  plan  to  detect  such  features  and  to  investigate  the  full  range 
of  conditions  associated  with  heterogeneity  at  the  site.  Note  that  the 
categorization  of  scenarios  as  nominal  or  disruptive  is  merely  a  matter  of 
convenience  since  the  scenarios  will  be  investigated  in  either  instance.   It 
may  be  determined  that  for  licensing  it  would  be  convenient  to  categorize 
scenarios  that  involve  undetected  features  separately  from  the  nominal  class. 
But  for  the  sake  of  developing  the  strategy  to  test  for  the  features  of  the 
site,  this  separation  is  not  important. 

Finally,  those  Ross  scenarios  associated  with  the  full  ranges  of 
conditions  to  which  the  waste  package  is  subjected  (for  example,  the  full 
range  of  temperatures  expected  from  the  heat  generated  by  the  waste  and  the 
full  range  of  local  fluid  and  chemical  conditions  expected  near  the  waste 
packages)  are  all  included  in  the  nominal  class.   In  the  Ross  study, 
scenarios  25  through  30  and  53  through  84  were  developed  to  ensure  that  such 
conditions  would  receive  explicit  consideration.  All  these  conditions  will 
be  evaluated  in  the  waste-package  program  (Section  8.3.4)  and  are  included 
here  as  part  of  the  nominal  class. 

The  second  difference  between  the  scenario  classes  of  Table  8.3.5.13-2 
and  those  of  the  Ross  study  is  the  addition  of  several  scenario  classes. 
They  have  been  added  to  the  set  as  part  of  the  development  of  the  SCP  and  the 
ongoing  evaluations  of  alternative  conceptual  models.   The  scenario  classes 
that  have  been  added  are  briefly  described  in  the  following  in-text  tables  in 
the  format  used  to  describe  the  scenarios  of  the  Ross  study  in  a  previous 
subsection. 

The  sequences  associated  with  surface  flooding  or  impoundments  are  given 
in  the  following  table. 
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Sequence 
number 

85 


86 


Sequence  for  surface  flooding  or  impoundments 

Flooding  occurs  in  Drill  Hole  Wash,  and  percolation  flux 
is  substantially  increased  below  the  wash.   Some  water 
seeps  to  sealed  shafts  and  boreholes  where  there  are 
unexpectedly  large  flows  down  through  seal  material  or 
down  through  the  disturbed  rock  around  these  seals. 

Faulting  at  the  surface  leads  to  a  scarp  that  produces 
an  impoundment  during  a  period  of  high  precipitation. 
Percolation  flux  is  substantially  increased  beneath 
this  impoundment.   Some  water  seeps  to  sealed  shafts 
and  boreholes  where  there  are  unexceptedly  large  flows 
down  through  seal  materials  or  down  through  the 
disturbed  rock  around  the  seals. 


87 


Volcanic  activity  in  the  vicinity  of  the  site  leads  to 
damming  that  produces  a  large  surface-water 
impoundment.   Percolation  flux  is  substantially 
increased  beneath  this  impoundment.   Some  water  seeps 
to  sealed  shafts  and  boreholes  where  there  are 
unexpectedly  large  flows  down  through  seal  materials 
or  down  through  the  disturbed  rock  around  the  seals. 

A  large  surface-water  impoundment  is  constructed  near 
the  site.  Percolation  flux  is  substantially  increased 
beneath  this  impoundment.   Some  water  seeps  to  sealed 
shafts  and  boreholes  where  there  are  unexpectedly 
large  flows  down  through  the  seal  material  or  down 
through  the  disturbed  rock  around  the  seals. 


The  sequence  associated  with  faulting  and  seismicity  is  given  in  the 
following  table: 


Sequence 
number 

89 


Sequence  for  faulting  and  seismicity 

Fault  creep  incudes  minor  restructuring  ^f  the  in  situ 

strain-energy  field.   This  change  causes  short-term 

stress-induced  fluctuations  in  the  level  of  the  water 
table. 


The  sequences  associated  with  magmatic  intrusion  are  given  in  the 
following  table: 
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Sequence 
number  Sequence  for  magmatic  intrusion 

90  Igneous  activity  leads  to  a  sill  that  extends  over  a 

portion  of  the  underground  facility.  Water  perco- 
lating down  is  diverted  at  the  top  surface  of  the 
relatively  impermeable  sill;  local  percolation  flux 
near  the  sill  is  therefore  much  higher  than  average 
flux  expected  at  the  site. 

91  Igneous  intrusion  near  the  underground  facility  causes 

extreme  changes  to  rock  hydrologic  properties. 

92  Igneous  intrusion  near  the  underground  facility  causes 

extreme  changes  in  rock  geochemical  properties. 

93  Igneous  intrusion  causes  a  barrier  to  flow  or 

drastically  alters  thermal  conditions,  causing  the 
water  table  to  rise. 


The  sequences  associated  with  regional  changes  in  the  tectonic  regime 
are  given  in  the  following  table: 


Sequence 
number  Regional  changes  in  the  tectonic  regime 

94  The  current  tectonic  environment  at  the  site  is 

extensional.   Fault  movement  relieves  the  stresses, 
causing  the  fractures  in  the  system  to  decrease  in 
aperture.  The  water  from  the  saturated-zone  fractures 
is  driven  up  into  the  unsaturated-zone  fractures, 
raising  the  water  table. 

95  The  in  situ  heat  flow  at  the  site  changes  with  time 

because  of  large-scale  changes  in  the  tectonic 
environment.  The  modifications  in  the  temperature 
gradients  at  the  site  lead  to  convective  flow  in  the 
saturated  zone  and  modifications  to  the  elevation  of 
the  water  table. 

The  sequences  associated  with  folding,  uplift,  and  subsidence  are  given 
in  the  following  table: 


Sequence 
number  Sequence  for  folding,  uplift,  and  subsidence 

96         Tectonic  folding  changes  the  dip  of  the  tuff  beds  at  the 
site,  thereby  changing  the  local  percolation  flux  to 
values  not  currently  observed. 
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Sequence 
number      Sequence  for  folding,  uplift,  and  subsidence  (continued) 

97  Uplift  or  subsidence  changes  the  drainage  at  the  site, 

thereby  changing  the  local  percolation  flux  to  values 
not  currently  observed. 

98  Folding,  uplift,  or  subsidence  lowers  the  underground 

facility  with  respect  to  the  water  table. 

99  Subsidence  of  the  mined  underground  facility  creates 

impoundments  or  diverts  drainage,  thereby  increasing 
the  local  percolation  flux  to  values  not  currently 
observed. 


Some  of  the  scenario  classes  result  in  direct  discharge  of  radionuclides 
to  the  surface.  Others  result  in  indirect  releases;  that  is  they  produce 
movement  of  radionuclides  through  the  barriers  of  the  repository  system  to 
the  accessible  environment.  The  table  labels  the  scenario  classes  according 
to  these  modes  of  release. 

Because  site  investigations  will  address  the  scenario  classes  in  Table 
8.3.5.13-2,  they  will  produce  information  needed  to  determine  probabilities 
of  occurrence.   However,  in  order  to  develop  the  CCDF,  information  will  also 
be  needed  to  evaluate  releases  of  radionuclides,  and  it  is  convenient  to 
organize  these  scenarios  according  to  their  effects  on  waste  isolation  in 
order  to  guide  the  testing  program  to  obtain  this  information.   Table 
8.3.5.13-2  also  indicates  the  barriers  of  the  repository  system  that  are 
important  to  waste  isolation  and  can  be  significantly  affected  in  each 
scenario  class.  These  barriers  are  (1)  the  engineered  barrier  system  (2)  the 
unsaturated  zone,  and  (3)  the  saturated  zone. 

The  engineered  barriers  include  the  waste  container,  the  waste  form  for 
spent  fuel,  and  the  spent-fuel  cladding.  These  components  would  provide 
barriers  to  the  release  of  radionuclides  to  the  host  rock  under  the 
conditions  expected  at  the  site. 

The  unsaturated  zone  includes  the  Topopah  Spring  host  rock,  the  Calico 
Hills  unit  in  the  unsaturated  zone,  and  other  unsaturated  units  that  underlie 
the  underground  facility.   These  units  are  expected  to  provide  barriers  to 
radionuclide  migration  down  to  the  water  table.   In  addition,  the  unsaturated 
units  that  overlie  the  underground  facility  are  expected  to  limit  release  of 
gaseous  radionuclides  to  the  surface. 

The  saturated  zone  includes  all  rock  units  beneath  the  water  table. 
These  units  will  serve  as  barriers  to  the  transport  of  radionuclides  that 
reach  the  water  table. 

It  is  convenient  to  organize  the  scenario  classes  according  to  the 
barriers  that,  in  principle,  would  be  significantly  affected  by  them.   To  do 
this,  a  reference  scenario  class  is  defined.   Ideally,  this  scenario  would  be 
for  the  expected,  undisturbed  conditions  at  the  site.   Because  there  is 
substantial  uncertainty  in  the  expected  condition  in  many  respects  at 
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present,  this  scenario  class  is  simply  denoted  as  the  nominal  scenario  class 
discussed  earlier  in  this  section. 

Then,  scenario  categories  are  defined  in  which  the  barriers  important  to 
waste  isolation  are  significantly  disturbed  from  the  conditions  defined  in 
the  nominal  scenario.  These  scenario  categories  are  shown  in  Table 
8.3.5.13-3.   The  first  category  (A)  is  for  the  direct-release  scenarios.   Two 
direct-release  scenario  classes  were  identified  as  one  listed  explicitly  in 
the  table. 

Category  B  is  for  scenario  classes  in  which  only  the  engineered  barriers 
are  affected.   The  classes  in  this  category  that  are  considered  relevant  to 
the  system  performance  objective  are  judged  to  occur  concurrently  with  the 
scenarios  in  categories  C  or  D  or  to  be  part  of  the  uncertainty  associated 
with  nominal  performance  of  engineered  barrier  system  components  (i.e., 
container  and  cladding  degradation  rates  or  waste-form  dissolution  rates  and 
solubilities  under  various  likely  conditions) .   Thus,  no  independent, 
potentially  significant  scenario  classes  associated  with  category  B  appear  in 
Table  8.3.5.13-3. 

Category  C  is  for  the  scenario  classes  in  which  major  aspects  of  the 
unsaturated  zone  are  disturbed.   In  these  classes,  the  engineered  barriers 
may  also  be  affected.  These  scenario  classes  appear  to  be  of  three  types: 

(1)  ones  in  which  the  total  or  local  percolation  flux  through  the  repository 
is  increased,  owing  to  the  appearance  of  sources  above  the  repository  (e.g., 
those  involving  climatic  change  or  local  flooding  from  surficial  sources) ; 

(2)  ones  in  which  the  thickness  of  the  unsaturated  zone  is  decreased,  for 
example,  by  a  rise  in  the  water-table  level  under  the  site;  and  (3)  ones  in 
which  there  are  adverse  changes  in  unsaturated-zone  rock  hydrologic 
properties  or  the  geochemistry  of  the  unsaturated  zone.   The  logic  of  this 
organization  follows  from  the  fact  that  the  appearance  of  any  one  of  the 
changes  (increased  flux,  decreased  unsaturated-zone  thickness,  decreased 
saturated  matrix  conductivity,  or  decreased  geochemical  retardation 
properties)  could  lead  to  an  increase  in  the  rate  at  which  dissolved 
radionuclide-bearing  compounds  are  transported  from  the  repository  to  the 
water  table.  Depending  upon  the  events  and  processes  associated  with  these 
changes,  each  change  could  appear  singly  or  in  combination,  i.e.,  correlated 
with  any  or  all  of  the  other  changes. 

Category  D  is  for  scenarios  in  which  the  saturated  zone  is  affected. 
The  unsaturated  zone  and  the  engineered  barriers  could  also  be  affected. 
Scenario  classes  in  category  D  may  be  organized  in  a  fashion  similar  to  that 
of  category  C,  but  because  saturated  flow  is  not  dominated  by  vertical  flow 
like  unsaturated-zone  flow,  the  change  "increased  flux  through  the  saturated 
zone"  would  be  connected  either  with  rises  in  the  water-table  level 
(considered  in  C-2)  or  increased  linear  water  velocity  (considered  in  D-2) . 

For  completeness,  the  nominal  scenario  class  is  also  included  as 
category  E. 

The  categories  in  Table  8.3.5.13-3  serve  as  the  basis  for  the 
information  needs  for  this  issue.  That  is  scenarios  within  a  category  are 
defined  by  the  category  of  process  or  event  that  initiate  the  scenario  and  by 
the  potential  effects  associated  with  the  category;  these  factors  define  the 
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Table  8.3.5.13-3.   Categories  of  scenarios  delineated  according  to  potential 

impacts  on  barriers  of  the  geologic  repository  (scenario 
classes) 


Disturbed  performance  of  barriers. 

(A)  Direct  Releases: 

1)  direct  release  in  an  extrusive  magmatic  event; 

2)  direct  release  associated  with  human  intrusion 

(B)  Partial  failure  of  engineered  barriers3 

(C)  Partial  failure  of  unsaturated  zone  barriers: 

1)  accelerated  releases  to  the  water  table  attending  increased  flux 
from  sources  above  the  repository; 

2)  accelerated  releases  to  the  water  table  attending  a  rise  in  the 
water  table  (foreshortening  of  unsaturated  zone) ; 

3)  accelerated  releases  to  the  water  table  attending  changes  in 
unsaturated  zone  rock-hydrologic  properties  or  geochemical 
properties. 

(D)  Partial  failure  of  saturated  zone  barriers: 

1)  accelerated  releases  to  the  accessible  environment  owing  to 
appearance  of  discharge  points  within  5  km  downgradient  of 
controlled  area  (foreshortening  of  the  saturated  zone  flow 
path),  or  changes  in  flow  direction  in  saturated  zone. 

2)  accelerated  releases  to  the  accessible  environment  owing  to 
increased  linear  water  velocity  in  the  saturated  zones,  changed 
rock-hydrologic  properties,  or  changed  geochemical  properties. 

Undisturbed  and  nominal  performance  of  all  barriers. 

(E)  Undisturbed  performance  of  all  natural  barriers: 

(matrix  flow  predominates  in  unsaturated  zone  barriers,  some 
carbon-14  released  in  gas  phase) 

aNo  independent,  potentially  significant  classes  have  been  associated 
with  this  category. 
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parameters  needed  to  evaluate  and  take  that  scenario  class  into  account  in 
the  assessment.   For  example,  a  scenario  class  associated  with  increased  flux 
in  the  unsaturated  zone  (category  C-l)  may  be  initiated  by  climate  change. 
Parameters  associated  with  the  effect  of  the  climate  change  on  the  flux  in 
the  unsaturated  zone  can  be  developed  to  address  this  scenario  class. 

3.  Models  for  evaluating  radionuclide  releases  in  the  scenario  classes 

To  perform  the  preliminary  allocations  that  guide  testing  for  each 
scenario  class,  models  for  the  various  release  and  transport  mechanisms  must 
be  defined.   The  models  for  the  release  from  the  engineered  barrier  system 
are  discussed  in  Chapter  7  of  this  SCP .   In  the  following,  models  for 
transport  of  radionuclides  by  water,  for  transport  of  gases  and  for  direct 
release  are  discussed  in  order  to  identify  the  parameters  to  be  evaluated  in 
the  testing  program. 

Models  for  water-pathway  releases 

A  representation  of  the  present  hydrologic  setting  at  Yucca  Mountain  is 
shown  in  Figure  8.3.5.13-5,  which  also  shows  the  abbreviations  used  for  the 
hydrogeologic  units.  The  proposed  location  of  the  repository  is  in  the 
Topopah  Spring  welded  unit  (TSw) .   The  TSw  unit  includes  the  TSwl  and  TSw2 
units  shown  on  Figure  8.3.5.13-5.   Conceptual  models  of  present  hydrologic 
conditions  are  described  in  Chapter  3  and  Section  8.3.5.12  of  this  document. 
Briefly,  it  is  believed  that,  within  each  unsaturated-zone  rock  unit,  water 
flows  downward  and  mainly  in  the  matrices  of  the  rock  units,  with  spatially 
averaged  percolation  flux  not  exceeding  0.5  mm/yr.  Some  lateral  diversion  of 
flux  may  occur  at  the  interfaces  between  distinct  hydrologic  rock  units 
(e.g.,  the  interface  between  units  TSw2  and  CHnv  and  CHnz  below  the  repos- 
itory, and  the  interface  between  units  PTn  and  TSwl  above  the  repository) . 
This  diverted  water  may  be  directed  down  dip  along  the  interface  (as  matrix 
flow,  given  the  present  recharge  rates)  to  the  water  table  or  to  downward 
drainage  points  in  the  highly  faulted  zone  southeast  from  the  edge  of  the 
emplacement  zone.  Water  reaching  the  water  table  will  then  flow  in  a  lateral 
direction  to  the  accessible  environment  boundary  to  the  southeast  of  the 
controlled  area. 

Those  radionuclide-bearing  compounds  that  might  be  released  in  the 
liquid  phase  as  water  percolates  through  the  host  rock  (TSw2)  could  be  trans- 
ported along  these  water  pathways,  and  may  eventually  reach  the  accessible 
environment  boundary.  The  subsurface  portion  of  this  boundary  may  be 
imagined  as  a  vertical,  curved  sheet  that  is  everywhere  located  up  to  5  km 
from  the  edge  of  the  waste  emplacement.  The  amount  of  radioactivity  released 
to  the  accessible  environment,  expressed  in  curies,  in  a  10,000-yr  period,  in 
the  form  of  the  ?'th  radionuclide,  for  the  jth  scenario  class  involving  water 
pathways,  is  calculated  by  the  following  expression: 


r\ 0,000 yr  \     t      f 


dt  (8.3.5.13-10) 
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Figure   8.3.5.13-5.      General   hydrogeologic  cross  section  at  Yucca  Mountain.    The  wavy  arrows  show   the  flow 
saths.  as  assumed  in  this  report,  from  a  potential  repository  through  the  unsaturated  zone  to  the  water  table  and 
!    along  the  upper  portion  of  the  saturated  zone  toward  the  accessible  environment  (5  km  away).    Modified  from 
Jinnock  et  al.  (1986). 
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where 

Qxj     =       radionuclide  release  (Ci) 

Q,   =   specific  activity  of  the  a'th  radionuclide  (Ci/kg) 

Fn      =   local  mass  flux  of  the  ith  radionuclide  in  the  matrix  of  the 
saturated  zone  (kg/m2 [rock]yr) 

f)      =   local  mass  flux  of  the  ilh    radionuclide  in  the  fracture  system 
of  the  saturated  zone  (kg/m2 [rock] yr) 

t      =       time  (yr) 

dA      =       an  outwardly  directed  area  element  on  the  accessible  environment 
boundary. 

Note  the  j  -dependence  of  guantities  on  the  right  of  Eguation  8.3.5.13-10  has 
been  suppressed  for  simplicity.   Each  mass  flux  is  assumed  to  be  the  sum  of 
an  advective  flux  and  a  dispersive-diffusive  flux: 

Fin  =  CLlm  -  emD^ »VC;  (8.3.5. 13-11A) 

F}  =  C)qf  -9fD).VC)  (8.3.5.13-11B) 


where 


Clm     =       mass  concentration  of  the  i'th  radionuclide-bearing  chemical 
species  in  matrix  pore  water  (kg/m3 [water] ) 

C)      =      mass  concentration  of  the  ith     radionuclide-bearing  chemical 
species  in  fracture  pore  water  (kg/m3 [water] ) 

qm      =   specific  discharge  through  the  matrix  system 
(m3 [water] /m2 [rock]yr) 

q~t     =       specific  discharge  through  the  fracture  system 
(m3 [water] /m2 [rock]yr) 

0m  =   mobile  moisture  content  in  the  matrix  system 
(m3  [water]  /m3  [rock] ) 

0f      =       mobile  moisture  content  in  the  fracture  system 
(m3 [water] /m3 [rock] ) 

Dlm      =   effective  dispersive-diffusive  tensor  in  the  matrix  system 
(m2 [rock] /yr) 

Dxf      =       effective  dispersive-diffusive  tensor  in  the  fracture  system 
(m2 [rock] /yr) . 
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The  dispersive-diffusive  tensors  are  the  sums  of  two  tensors,  one  describing 
molecular  diffusion  and  the  other  describing  hydrodynamic  dispersion  (Freeze 
and  Cherry,  1979) .  Note  that,  in  the  following  development,  the  contribution 
of  the  longitudinal  component  of  molecular  diffusion  to  the  dispersive- 
diffusive  fluxes  is  ignored  because  the  Peclet  numbers  for  the  flows  that  are 
likely  to  result  in  significant  releases  of  radioactivity  are  about  10  or 
greater.   Furthermore,  the  dispersive  component  of  mass  flux  is  implicitly 
included  in  the  specific  discharges  ( qm  and  q{  )   by  assuming  the  latter  are 
random  fields  (Sinnock  et  al.,  1986). 

To  calculate  the  mass  fluxes  ( F^  and  Fj)    one  must  first  solve  partial 
differential  eguations  expressing  the  transport  of  dissolved  mass  from  the 
vicinity  of  the  repository  to  the  accessible  environment  boundary.  A 
solution  of  the  transport  problem  gives  the  mass  concentrations  (C^and  C) ) 
as  functions  of  time  and  space,  and  requires  the  specific  discharges  (qm   and 
qt)    and  the  moisture  contents  ( 8m   and  9j)    as  input  quantities  from  a  separate 
calculation  of  the  flow  fields  in  the  medium.   The  mathematical  models  of 
flow  that  have  so  far  been  used  to  predict  the  hydrologic  regime  at  Yucca 
Mountain  are  not  reviewed  here;  Section  8.3.5.12  and  Klavetter  and  Peters 
(1986)  describe  the  development  of  a  Richards'  equation  that  incorporates 
composite-porosity  concepts  for  flow  through  fractured,  porous  rock.   The 
following  partial  differential  equations  for  the  transport  of  dissolved  mass 
are  consistent  with  the  flow  model  of  Klavetter  and  Peters  and  are  adopted 
from  Wilson  and  Dudley  (1987) : 

r>Cl  /  P'_  1  \  1 

^"  =  -f «  .  VCL  -  A'CL  -  A*"1  '  m 


dt 


m     ^  m 


F~)  c%m  ~  ^V(Al  *  A'?)(c'  ~cln)      (8-3-5-13"12A) 


dC\  ., .  R 


dt 

where 


'   =  -VimVC\  -  \XC\  +A'-1  ' 


>i-i 


7  .  VC)  -  VCJ  +  A'"1  I  -i-  I  C)  -  ^rA'2(C}  -  am)  (8.3.5.13-12B) 


A,   =   decay  rate  of  the  ?'th  nuclide  species  (yr-1) 

V^      =       effective  transport  velocity  for  the  jth  species  in  the  matrix 
system  (defined  below)  (m[rock]/yr) 

Vj      =   effective  transport  velocity  for  the  ith  species  in  the  fracture 
system  (defined  below)  (m[rock]/yr) 

R'rn     =       adsorptive  retardation  factor  for  the  i,h  species  in  the  matrix 
system  (defined  below) 

R)      =       adsorptive  retardation  factor  for  the  j',h   species  in  the 
fracture  system  (defined  below) 

Ai   =   advective  coupling  constant  (m3 [water] /m3 [rock] yr) 

A'2   =   diffusive  coupling  constant  (m3  [water] /m3  [rock]  yr)  . 
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The  numbering  of  nuclides  is  such  that  nuclide  i  -1  decays  into  nuclide  i  . 
The  nuclide  at  the  beginning  of  the  chain,  nuclide  1,  would  not  have  a 
parent,  so  A0  has  a  value  of  zero  by  definition. 

Fm  and  Vj,   the  effective  transport  velocities  for  the  iih     species,  are 
defined  by 


(8.3.5.13-13A) 


(8.3.5.13-13B) 

R'm   and  R),   the  adsorptive  retardation  factors  for  the  ilh  radionuclide 
species,  are  defined  by 

Km  =  1^^^  (8.3.5.13-14A) 

Kf  =  l  +  "/7T  (8.3.5.13-14B) 

where 

K\\  =  distribution  coefficient  of  the  ?'th  species  (m3  [water] /kg) 

ph  =  bulk  density  of  rock  (kg/m3 [rock] ) 

<tj  =  fracture  surface  area  per  unit  volume  of  rock  (m-1[rock]) 

K*   =   distribution  coefficient  of  the  jth  radionuclide  species 

expressed  on  a  per-unit-surface-area  basis  (m3 [water] /m2 [rock] ) . 

Some  typical  values  for  Kd   and  estimated  values  of  Rm   for  the  various 
radionuclides  in  spent  fuel  are  shown  in  Table  8.3.5.13-4.  Because  fracture 
surface  areas  are  usually  much  smaller  than  pore  surface  areas  and  because 
chemical  eguilibrium  may  not  be  reached  in  rapid  fracture  flows,  the  adsorp- 
tive retardation  in  fracture  flow  Rxf    can  be  regarded  as  a  number  of  the  order 
of  unity  (Sinnock  et  al.,  1984b)  (i.e.,  sorption  in  fractures  may  be 
ignored) . 

Eguations  8.3.5.13-12A  and  8.3.5.13-12B  would  be  the  standard  transport 
equations  (Freeze  and  Cherry,  1979),  without  dispersive-diffusive  terms, 
except  for  the  presence  of  the  coupling  terms  proportional  to  C)  -  Cm  on 
their  right-hand  sides.   In  particular,  the  reciprocal  of  the  quantity  A'2  is 
a  measure  of  the  time  required  for  the  concentrations  in  the  fracture  pore 
water  (C})  to  come  to  equilibrium  with  its  counterpart  in  the  slowly  moving 
matrix  pore  water  (cm) .  Wilson  and  Dudley  (1987)  show  that  these  coupling 
constants  have  the  forms 
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Table  8.3.5.13-4. 


Typical  distribution  coefficients  and  approximate 
retardation  factors  for  welded  and  nonwelded  Yucca 
Mountain  hydrogeologic  units 


Di 

3tribution 

Retardat 

ion 

coefficient,  a  KA 

factor, 

hRm 

(ml/g) 

Element 

Welded 

Nonwelded 

Welded 

Nonwelded 

Americium 

1,200 

4,600 

28,000 

24,000 

Carbon 

0C 

0C 

1 

1 

Curium 

1,200 

4,600 

28,000 

24,000 

Cesium 

290 

7,800 

6,700 

41,000 

Iodine 

0C 

0C 

1 

1 

Neptunium 

7 

11 

160 

58 

Protactinium 

64 

140 

1,500 

740 

Lead 

5d 

5d 

120 

27 

Plutonium 

64 

140 

1,500 

740 

Radium 

25,000e 

25,000e 

580,000 

130,000 

Tin 

100d 

100d 

2,300 

530 

Strontium 

53 

3,900 

1,200 

21,000 

Technetium 

0.3 

0C 

8 

1 

Thorium 

500d 

500d 

12,000 

2,600 

Uranium 

1.8 

5.3 

27 

45 

Zirconium 

500d 

500d 

12,000 

2,600 

aUnless  otherwise  indicated,  distribution  coefficients  were  taken  from 
Table  6-25  (DOE,  1986b)  or  were  inferred  from  the  sorption  ratios  quoted  by 
Daniels  et  al.  (1982) . 

bCalculated  using  values  of  moisture  content  of  10  and  28  percent  and 
bulk  densities  of  2.33  and  1.48  g/cm3  for  welded  and  nonwelded  tuff. 

cNo  data  available;  assumed  to  be  zero. 

dInferred  from  the  midrange  retardation  factor  for  tuffs  in  compilation 
in  Table  7-1  in  National  Research  Council  (1983) . 

eBarium  used  as  a  chemical  analog. 
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A1  =  — f-V.qm  (8.3.5.13-15) 

at 

A*2=  — „  ,  '  (8.3.5.13-16) 

where 

a   =  one-half  of  the  mean  spacing  between  fractures  (m[rock]) 

\D^\      =   absolute  magnitude  of  the  effective  dispersive-diffusive  tensor 
in  the  matrix  (m2 [rock] /yr) . 

Note  that  lateral  diffusion  is  accounted  for  in  these  coupling  terms. 

Several  of  the  possible  cases  of  transport  of  dissolved  radionuclides 
through  Yucca  Mountain  rocks  can  be  qualitatively  analyzed  by  means  of 
Equations  8.3.5.13-12A,  8.3.5.13-12B,  and  8.3.5.13-16: 

1.  Partially  saturated  flow.   In  this  case,  percolation  flux  does 
not  exceed  the  saturated  matrix  hydraulic  conductivity  so  the  flow 
is  predominantly  through  the  rock  matrix,  and  only  Equation 
8.3.5.13-12A  applies.   This  is  believed  to  represent  present  hydro- 
logic  conditions  at  Yucca  Mountain.  Under  these  conditions,  the 
unsaturated-zone  rocks  act  as  barriers  to  the  release  of  liquid- 
phase  contaminants  because  water  flows  predominantly  in  the  rock 
matrix,  and  matrix  flow  promotes  rather  long  ground-water  travel 
times  (GWTT)  to  the  water  table,  as  shown  in  Table  8.3.5.13-5. 
Retardation  of  many  elements  is  likely  to  be  large  under  these 
circumstances  (Table  8.3.5.13-4). 

2.  Fracture  flow  with  weak  coupling.   In  this  case,  the  coupling  con- 
stants are  small  compared  with  the  reciprocal  of  typical  transport 
times  in  fracture  flow  (L/Vi   where  L   is  the  unit  thickness),  and 
Equations  8.3.5.13-12A  and  8.3.5.13-12B  both  apply.  The  radionu- 
clide concentrations  spread  out  through  the  matrix  and  fracture 
systems  separately,  with  the  fracture-system  concentrations  usually 
"outracing"  the  matrix-system  concentrations.   This  situation  could 
arise  in  a  discharge  through  a  saturated  structural  feature 

(Class  C-3,  Table  8.3.5.13-3). 

3.  Fracture  flow  with  strong  coupling.   In  this  case,  the  coupling  con- 
stants are  larger  than  or  comparable  to  the  reciprocal  of  typical 
transport  times  in  fracture  flow,  and  the  concentrations  of  radionu- 
clides in  both  systems  come  to  equilibrium.  Wilson  and  Dudley 
(1987)  show  that  in  this  case  a  single  transport  equation  for  the 
equilibrium  concentration  applies,  and  that  the  effective  transport 
velocity  in  the  advective  term  of  this  equation  after  equilibrium 
has  been  reached  has  the  form 


Vi  =  o    ±B\oKi  (8.3.5.13-17) 
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Table  8.3.5.13-5 


Estimates3  of  ground-water  travel  time,  predominantly 
matrix  flowb'c 


Unit 


Percentage  of 
total  repository 
area  underlain 
by  the  unit 

Mean 

(yr) 

Standard  deviation 
(yr) 

99 

4,800 

1,900 

95 

11,000 

7,800 

95 

14,000 

8,100 

83 

3,900 

1,-700 

63 

15,000 

8,000 

26 

6,800 

4,100 

7.5 

5,400 

3,500 

43,000 

13,000 

Topopah  Spring  welded  unit 

Calico  Hills  vitric  unit 

Calico  Hills  zeolitized 
unit 

Prow  Pass  welded  unit 

Prow  Pass  unwelded  unit 

Bullfrog  welded  unit 

Bullfrog  nonwelded  unit 

Estimated  totald 


aEstimates  (rounded  to  2  significant  figures)  are  for  the  entire 
unsaturated  zone  underlying  the  disturbed  zone.  Variability  in  unit 
thickness  is  taken  into  account. 

bPercolation  flux  =0.5  mm/yr. 

cSource:   Sinnock  et  al.  (1986). 

dEstimated  total  is  not  a  sum  of  the  individual  columns  but  represents 
the  quantities  for  total  ground-water  travel  time  through  the  entire 
unsaturated  zone. 


Since  6m   is  almost  always  much  greater  than  0/,  the  effective  transport 
velocity  is  virtually  the  same  as  that  for  an  equivalent  porous  medium  with 
an  effective  porosity  equal  to  0m  and  an  adsorptive  distribution  coefficient 
equal  to  K'd.      Thus,  models  of  equivalent-porous-medium  transport  apply  when 
concent rational  equilibrium  is  reached  (or  closely  approached),  and  Equation 
8.3.5.13-17  approximately  applies.  Under  these  circumstances,  for  perco- 
lation flux  up  to  5  mm/yr,  transport  times  for  nonsorbing  species  through  a 
50-m  section  of  unsaturated-zone  rock  would  equal  or  exceed  1,000  yr,  and 
transport  times  for  sorbing  species  would  exceed  10,000  yr. 

The  third  case  stated  above  is  likely  to  apply  to  those  water-pathway 
scenario  classes  involving  repository-wide  failure  of  the  unsaturated-zone 
barriers:   i.e.,  classes  C-l,  C-2,  and  C-3  in  Table  8.3.5.13-3.  Of  most 
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interest,  though,  is  whether  it  would  apply  in  the  saturated  zone.   Because 
the  rocks  in  the  saturated  zone  are  known  to  be  highly  fractured  and  it  is 
known  that  flow  through  fractures  may  be  orders  of  magnitude  faster  than 
matrix  flow,  it  has  previously  been  assumed  that  the  saturated  zone  would  not 
be  an  effective  barrier  against  releases.   In  Table  6-19  of  the  EA  (DOE, 
1986b) ,  the  ground-water  travel  time  along  a  5-km  path  to  the  accessible 
environment  boundary  is  estimated  to  be  approximately  170  yr,  which  is  brief 
compared  with  the  times  shown  in  Table  8.3.5.13-5;  the  effective  porosity 
used  in  these  estimates  was  0.0001,  a  value  of  fracture  porosity  attributed 
to  Sinnock  et  al.  (1984b) .  But  if  eguivalent -porous -medium  transport  models 
are  applicable  to  the  saturated  zone,  the  transport  times  for  nonsorbing 
species  would  be  larger  than  170  yr  by  a  factor  of  100  to  400  (the  estimated 
ratio  of  matrix  porosity  to  fracture  porosity)  (i.e.,  17,000  to  68,000  yr) 
and  once  coupled,  sorbing  species  would  be  practically  immobile  in  the 
saturated  zone.  Thus,  whether  the  saturated  zone  is  an  effective  barrier 
against  releases  to  the  accessible  environment  depends  on  whether  equivalent- 
porous-medium  models  apply  there  (i.e.,  whether  advective-dispersive  coupling 
can  be  achieved  along  the  flow  paths  between  the  repository  area  and  the 
accessible  environment  boundary) . 

According  to  the  Wilson-Dudley  model,  the  saturated  zone  may  provide  a 
good  barrier  to  transport  of  nonsorbing  and  some  weakly  sorbing  species,  but 
would  not  reduce  by  much  the  releases  of  strongly  sorbing  species  which, 
nevertheless,  could  be  strongly  retarded  in  the  unsaturated  zone.  To  see 
this,  note  that  according  to  Equations  8.3.5. 13-12B  and  8.3.5.13-16,  an 
estimate  of  the  time  constant  governing  establishment  of  concentrational 
equilibrium  between  fracture  and  matrix  flows  is 

te=-^t  (8.3.5.13-18) 

**\DL\ 

Assume  that  the  parameters  in  this  expression  take  the  following  values  in 
the  saturated  zone:  fracture  spacing  (2a)  equal  to  30  cm  (CHnv  +  CHnz  from 
Table  1  of  Klavetter  and  Peters,  1986),  an  effective  diffusivity  (D^)    equal 
to  1.0  x  10~2  m/yr  and  adsorptive  retardation  factors  (  R'm)    equal  to  the 
values  given  in  Table  8.3.5.13-4  for  nonwelded  tuff.  Then,  using  these 
assumptions,  the  following  are  the  time-constant  ( te )  estimates:  (1)  for 
nonsorbing  species,  0.23  yr;  (2)  for  uranium,  10.4  yr;  (3)  for  plutonium, 
170  yr;  and  (4)  for  americium,  5,520  yr.  In  the  Wilson-Dudley  model  (Wilson 
and  Dudley,  1987) ,  the  effect  of  weak  coupling  on  concentrations  of  strongly 
sorbing  species  in  fracture  flows  is  seen  from  Equations  8.3.5.13-12A  and 
8.3.5.13-12B.  Transport  of  these  species  is  at  the  fracture-flow  velocity, 
and  weak  coupling  may  at  best  only  increase  the  effective  decay  rate  for 
concentrations  of  strongly  sorbing  species.   Thus,  using  plutonium-239  as  an 
example,  one  could  assign  an  effective  half-life  of  0.693  times  170  yr  (118 
yr)  instead  of  the  usual  24,400-yr  half-life  against  radioactive  decay.   In 
the  saturated  zone,  where  water  travel  times  in  fracture  flow  are  also  about 
170  yr,  the  effective  "decay"  of  concentration  would  only  reduce  cumulative 
discharge  of  plutonium-239  by  a  factor  of  about  1/e,    or  about  37  percent. 

The  Wilson-Dudley  model  (Wilson  and  Dudley,  1987)  may  prove  to  be  overly 
conservative  in  the  sense  that  it  overestimates  the  time  required  to  couple 
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mass  concentrations  in  fracture  flows  with  mass  concentrations  in  matrix 
flows,  thereby  leading  to  larger  discharges  of  strongly  sorbing  species  at 
the  accessible-environment  boundary  than  would  be  predicted  by  equivalent- 
porous-media  transport  calculations  (i.e.,  calculations  using  a  single  mass 
concentration  that  moves  with  the  effective  transport  velocity  in  Equation 
8.3.5.13-17).  Other  investigators  (Rasmuson  and  Neretnieks,  1981;  Sudicky 
and  Frind,  1982)  seem  to  reach  a  different  conclusion  regarding  the  depen- 
dence of  the  time  constant  ( te)    governing  coupling  on  the  retardation  factors 
{  R\n)  •     Although  it  is  difficult  to  see  in  their  analysis,  Rasmuson  and 
Neretnieks  (1981)  appear  to  predict  a  time  constant  of  the  form 


te  =       =  (8.3.5.13-19) 

where  r  is  the  radius  of  a  matrix  block  (which  is  assumed  to  be  spherical  and 
is  the  same  order  of  magnitude  as  a   in  the  Wilson-Dudley  model  (Wilson  and 
Dudley,  1987  (see  Equation  8.3.5.13-16).   Similarly,  the  work  of  Sudicky  and 
Frind  (1982)  suggests  that  the  time  constant  should  be 


*<=-==  (8.3.5.13-20) 

where  a    is  now  one-half  the  uniform  spacing  between  fractures,  which  are 
assumed  to  be  planar  and  parallel.  Note  that  each  of  the  last  two  forms  of 
time  constant  is  independent  of  the  retardation  factor  and,  apart  from 
factors  of  2  or  3,  is  of  the  same  magnitude  as  the  time  constant  for  coupling 
nonsorbing  species  in  the  Wilson-Dudley  model  (Equation  8.3.5.13-18). 

These  different  estimates  of  the  time  required  to  couple  mass  concentra- 
tions in  fracture  and  matrix  flows  illustrate  the  need  for  validated  concep- 
tual and  mathematical  models  of  transport  of  solutes  through  the  actual 
(i.e.,  not  idealized)  fractured,  welded  and  nonwelded  tuffs  of  Yucca  Moun- 
:ain.   Investigations  to  produce  such  validated  models  are  described  in 
Chapter  4  and  in  Section  8.3.1.3  (geochemistry  program).   The  Wilson-Dudley 
nodel  (Wilson  and  Dudley,  1987)  is  undoubtedly  conservative  relative  to  the 
node Is  of  Rasmuson  and  Neretnieks  (1981)  and  Sudicky  and  Frind  (1982) ;  but  it 
Is  not  clear  that  the  first  or  the  third  of  these  models  is  conservative, 
)ecause  each  assumes  that  the  permeabilities  and  constrictivity-tortuosity 
jfactors  of  the  surfaces  separating  fracture  void  space  from  matrix  void  space 

ire  the  same  as  the  permeability  and  constrictivity-tortuosity  factor  of  the 
hatrix.  Rasmuson  and  Neretnieks  (1981)  do  postulate  an  arbitrary  mass- 

ransfer  coefficient  for  the  interface  between  matrix  and  fracture  void 

paces,  but  they  then  assume  it  is  the  same  as  internal  mass  transfer 
• oefficients  for  their  calculations.   Such  an  assumption  could  be  wrong  if 

elatively  impermeable  mineral  coatings  or  mineral-grain  occlusions  occur 
( ver  a  large  fraction  of  the  fracture  surfaces.   In  such  circumstances,  the 
i f fective  area  for  entry  into  the  matrix  per  unit  volume  of  rock  could  be 
] educed  by  several  orders  of  magnitude,  with  the  effect  of  reducing  the 
.effective  diffusivity  in  the  formulas  for  coupling  time  given  above. 

A  systems-level  mathematical  model  has  been  developed  for  predicting 
Hsleases  for  those  scenario  classes  involving  releases  along  water  pathways 
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(e.g.,  classes  in  categories  E,  C,  and  D  in  Table  8.3.5.13-3).  Discussion  of 
this  model  serves  several  purposes  in  this  section: 

1.  Illustrate  the  feasibility  of  and  level-of-detail  reguired 
for  the  "simplified"  models  mentioned  in  the  preceding  section 
(Construction  of  a  CCDF)  as  being  necessary  for  a  calculation  of  the 
CCDF. 

2.  Show,  in  a  way  that  may  be  clearer  than  the  preceding  dis- 
cussion of  radionuclide  transport  theory,  why  certain  data  and 
information  concerning  (a)  hydrologic  and  geochemical  properties  of 
Yucca  Mountain  rocks  and  (b)  probabilities  and  intensities  of  events 
or  processes  initiating  a  scenario  class  are  needed  to  resolve  this 
issue. 

3.  Partially  document  the  basis  for  the  largely  nonquantitative 
reasoning  so  far  used  to  make  preliminary  assessments  of  the 
relative  magnitudes  of  the  EPPMs  for  scenario  classes  involving 
releases  along  water  pathways. 

This  last  purpose  should  be  emphasized:   The  model  to  be  presented  here 
is  preliminary  and  has  at  least  three  serious  limitations  (the  assumptions 
(1)  through  (3)  given  in  the  next  paragraph)  that  could  lead  to  under- 
estimates of  the  partial  performance  measure.   These  limitations  will  be 
remedied  by  further  model  development  and  validation  in  the  future.  Most  of 
the  detailed  development  of  the  following  model  can  be  found  in  Section  3 . 0 
of  Sinnock  et  al.  (1986) . 

Assume  that  (1)  coupling  between  mass  concentrations  in  matrix  and 
fracture  flows  is  always  strong  enough  to  justify  the  assumption  of 
equivalent-porous-media  transport  in  both  the  unsaturated  and  saturated 
zones,  (2)  all  radionuclides  can  be  treated  as  single-member  decay  chains, 

(3)  the  process  of  longitudinal  molecular  diffusion  can  be  ignored,  and 

(4)  mass  release  rates  from  the  engineered  barrier  system  can  be  calculated 
with  the  formulae  given  in  Section  3.1.1  of  Sinnock  et  al.  (1986).   Then, 
making  a  slight  extension  of  Equation  40  in  Sinnock  et  al.  (1986),  one  can 
show  that  the  partial  performance  measure  for  the  jth  scenario  class  involv- 
ing releases  along  the  water  pathway  may,  in  most  cases,  be  approximated  by 
the  following  expression: 

^  =  ££^<^rA''^'['-<-  |A-+-"']-W         (8.3.5.13-21) 

where 

N  =   number  of  waste  packages  involved  in  the  release  scenario 

Nt  =  total  number  of  waste  packages  in  the  repository  at  closure 

o.i  =  inventory  of  the  i,h  radionuclide  species  at  time  of  closure 

(Ci/MTHM) 
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Li        =  release  limit  (per  MTHM)  for  the  ?'th  radionuclide  as  specified  in 
proposed  10  CFR  60.115  and  40  CFR  Part  191,  Appendix  A  (Ci) 

r,    =  fractional  mass  release  rate  of  the  ?th  radionuclide  species  from 
any  one  of  the  waste  packages  involved  in  the  release  scenario 
(yr-1) 

t  =  regulatory  period  of  performance  (10,000  yr) 

A,  =  decay  constant  for  the  ?In  radionuclide  species  (yr-1) 

tj  =  a  time  interval  to  be  described  below  (yr) 

u(x)  =  unit  step  function,  \v(z)  =   1  if  x   >0,  and  u(x)  =   0  if  x   <0)  . 

Table  8.3.5.13-6  provides  values  for  decay  constants,  radionuclide  inven- 
tories, release  limits,  and  calculated  values  for  the  normalized  inventory  at 
risk  (a,//,)  for  the  radionuclide  species  of  concern.   The  following 
discussion  clarifies  the  meaning  of  these  variables  and  the  equation  in 
general.   Note  that  the  subscript  j    applies  to  certain  variables  appearing  on 
the  right-hand  side,  but  has  been  suppressed  to  simplify  the  expression.   The 
j -dependence  of  each  variable  is  noted  below. 

With  the  exception  of  t,   NTr    \x ,    and  Lif    all  the  variables  appearing  on 
the  right-hand  side  of  Equation  8.3.5.13-21  may  be  regarded  as  random  vari- 
ables in  the  sense  that  uncertainties  dictate  that  they  be  treated  as  distri- 
buted quantities  (examples  are  mentioned  later) .   Thus,  M}   is  also  a  random 
variable  whose  statistical  properties  must  usually  be  evaluated  by  simu- 
lation. 

The  number  of  waste  packages  involved  in  the  release  scenario  (N> 
depends  on  scenario  class  5;  and  on  the  nature  and  intensity  of  the  process 
or  event  that  initiates  a  realization  of  the  release  scenario  (e.g.,  the 
number  of  packages  intercepted  by  flow  through  a  fault  zone) .   In  every  case, 
0  <  N  <   NT. 

The  fractional  mass  release  rate  (  r,  )  applies  only  to  release  in  a 
liquid  phase  from  bare  waste  form,  and  is  estimated  in  Section  3.1.1  of 
Sinnock  et  al.  (1986)  by 

r,  =  ^l  (8.3.5.13-22) 


where 


<?„   =  magnitude  of  specific  discharge  of  water  near  a  waste  package 
(m3/m2  yr) 

A        =  effective  water-intercept  area  of  a  waste  package  (m2) 

M0       =   mass  of  waste  matrix  per  package  (kg) 

S,   =  effective  solubility  limit  (kg/m3)  . 
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S,  is  expressed  mathematically  as 

S,  =  min(5j  ,  5m) 

where 

S,   =  solubility  limit  for  the  chemical  species  carrying  the  ith 
radionuclide  (kg/m3) 

Sm      =  solubility  limit  for  the  bulk,  waste  form  (kg/m3)  . 

The  fractional  mass  release  rate  (  r, )    depends  on  the  scenario  class 
and  the  nature  and  intensity  of  initiating  events  or  processes  through  its 
dependence  on  qv    and  S,  (which  are  also  dependent  on  the  nature  and  intensity 
of  initiating  events  and  processes) .   In  future  formulations  of  Eguation 
8.3.5.13-21,  tx   may  be  replaced  with  empirically  determined  fractional 
release  rates  as  a  function  of  time  and  specific  discharge  (  gv)    near  a  waste 
package.  Determination  of  actual  release  rates  from  waste  packages  under 
different  repository  hydrologic  conditions  is  part  of  the  investigations 
associated  with  Issues  1.4  and  1.5. 

The  guantity  r,  appearing  in  Eguation  8.3.5.13-21  is  defined  by 

r,  =t-  [max(Tc,  Td)^Tu  +  T]:  (8.3.5.13-23) 

where 

i  =  regulatory  period  of  performance  (10,000  yr) 

Te  =  waste  package  containment  time  (yr) 

Td  =  total  delay  time  (yr) 

Tj   =  the  unsaturated  zone  transport  time  for  the  jth  radionuclide 
species  (yr) 

T\       =  the  saturated  zone  transport  time  for  the  ith  radionuclide  species 
(yr). 

The  waste-package  containment  time  (  Tc)    is  actually  either  the  waste-package 
containment  time  or  the  time  during  which  waste  package  temperature  exceeds 
95 °C,  whichever  is  greater.  Tdr   the  total  delay  time,  measured  after  closure 
and  before  the  onset  of  a  release,  is  defined  by 


Td  =  Tt+tr  (8.3.5.13-24) 


where 


Tt         =   waiting  time,  after  closure,  before  the  first  occurrence  of  an 
initiating  event  or  process  that  may  lead  to  a  release  (yr) 
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tp   =  time  interval  representing  the  delay  between  the  occurrence  of  the 
initiating  event  or  process  and  the  epoch  when  releases  begin 
(yr). 

Examples  of  Tt    are  (1)  the  epoch  at  which  motion  occurs  along  a  fault  zone 
that  is  sufficient  to  divert  substantial  amounts  of  downdip  flow  through  the 
repository  {tp    would  then  be  the  delay  between  the  event,  "fault  motion,"  and 
the  event  "flow  in  fault  reaches  the  repository  level")  and  (2)  the  epoch  at 
which  a  large  surface-water  impoundment  is  formed  near  the  controlled  area 
(tp    would  then  be  the  delay  between  the  event,  "formation  of  impoundment," 
and  the  event  "wetting  front  from  impoundment  reaches  repository  level") . 
Thus,  Tt    and  tp     depend  on  the  scenario  class  (j)    and  the  nature  and 
intensity  of  the  initiating  events  or  processes. 

The  unsaturated  zone  (UZ)  transport  time  for  the  ?lh  radionuclide 
species  (  Ti)    is  the  time  required  for  a  molecule  of  a  chemical  species 
carrying  the  ?'th  radionuclide,  which  is  released  from  the  repository  in  the 
liquid  phase,  tc  reach  the  water  table.   If  it  is  assumed  that  coupling 
between  mass  concentrations  in  matrix  and  fracture  flows  is  strong  in  the  UZ, 
then  the  effective  transport  velocity  is  given  by  Equation  8.3.5.13-17  and 

v  v 

Fu=  f-i-=       ±-(8m  +  9f+PbKld)dg  (8.3.5.13-25) 

J    \V*\       J    9u 

2  Z 

where 

x     =   any  point  in  that  part  of  the  repository  affected  by  flows 

associated  with  the  jth  scenario  class  and  the  event  or  process 
initiating  the  flow 

y     =   a  point  on  the  water  table  connected  to  x   by  a  flow  pathway 
through  the  UZ 

ds     =  an  element  of  length  along  the  pathway  from  z  to  y 

The  saturated  zone  (SZ)  transport  time  for  the  ?'th  radionuclide  species 
(T;)  is  defined  in  a  manner  similar  to  the  UZ  transport  time.  Again,  if 
strong  coupling  in  the  SZ  is  assumed,  then 

2  Z 

r   ds_  _   f  -(nm*nf^PiKld)ds  (8.3.5.13-26) 

J    r;  J  q, 

y  y 

where 

<3«  =  specific  discharge  in  the  saturated  zone  (m3/m2  yr) 

nm  =   effective  matrix  porosity  in  the  saturated  zone 

"/  =  effective  fracture  porosity  in  the  saturated  zone 
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2   =  a  point  on  the  accessible  environment  boundary  connected  to 
(defined  above)  by  a  flow  pathway  through  the  saturated  zone. 

Finally,  the  quantity  u(t,)   appearing  in  Equation  8.3.5.13-21  is  the  unit 
step  function:  u{n)   =  1  if  r,  >  0,  and   u(ry)  =  0  if  *v  <  0.   Since  this 
function  appears  as  a  multiplicative  factor  in  each  term  of  the  sum  in  Equa- 
tion 8.3.5.13-21,  then  if  any  one  of  the  Ts   in  Equation  8.3.5.13-23  exceeds 
10,000  yr,  or  if  the  sum  of  the  Ts  exceeds  10,000  yr,  that  term  will  make  no 
contribution  to  the  sum  in  Equation  8.3.5.13-21.   Thus,  the  various  7s  (  Tt , 
Tt  ,    Tu    and  T,) ,    are  sensitive  quantities  in  the  determination  of  the  magni- 
tude of  the  partial  performance  measure  (ji/-)  and  warrant  special  discussion. 
It  is  appropriate  to  reiterate  the  claim  made  earlier  that,  with  few  excep- 
tions, the  variables  in  Equation  8.3.5.13-21  are  distributed  variables;  it  is 
therefore  appropriate  to  refer  to  the  distribution  of  the  Ts,    rather  than 
specific  values  that  the  Ts   may  take. 

The  distribution  of  waste-package  containment  time  (  Tc)    is  not  known. 
Estimates  in  the  Yucca  Mountain  site  environmental  assessment  (DOE,  1986b) 
suggest  that  3,000  yr  <  Te  <   30,000  yr,  but  no  distribution  was  attached  to 
this  range.   Current  studies  proposed  for  determining  the  distribution  of  Tc 
are  outlined  in  Section  8.3.5.9. 

The  waiting  times  after  closure  until  first  occurrence  of  the  process  or 
event  that  initiates  a  release  (Te)    is  distributed  differently  according  to 
the  process  or  event  and  scenario  class  to  which  it  pertains  (in  this  nominal 
case,  Tt   =  0) .   In  most  cases,  and  particularly  for  events,  waiting  times  are 
assumed  to  be  exponentially  distributed  with  a  given  annual  probability  of 
occurrence.   For  example,  consider  the  scenario  class  C-l  (Table  8.3.5.13-3) 
and  the  initiating  event,  "episodic  offset  on  faults  creates  new  pathways  for 
drainage  of  water  through  the  repository";  in  this  instance  Te   may  be 
exponentially  distributed  with  an  annual  probability  less  than  10"5/yr  (an 
expected  recurrence  time  of  100,000  yr)  . 

If  thp  waiting  time  to  first  occurrence  of  an  event  is  exponentially 
distributed  with  mean  annual  probability  less  than  10~8/yr,  then  the  proba- 
bility that  T,   is  less  than  10,000  yr  would  be  less  than  one  chance  in  ten 
thousand.  In  other  words,  the  event  would  be  expected  to  occur  at  most  once 
during  a  simulation  of  many  tens  of  thousands  of  runs  and,  even  on  occur- 
rence, the  consequences  might  be  zero  if  other  time  delays  were  finite.  To 
make  a  significant  contribution  to  the  CCDF,  the  consequences  (the  sample 
value  of  Mj)    attending  the  occurrence  of  such  a  low-probability  event  would 
have  to  exceed  10,000,  with  little  delay  between  the  event  and  a  release  to 
the  accessible  environment.   Events  or  processes  associated  with  releases 
along  water  pathways  fulfilling  these  conditions  are  inconceivable,  although 
some  events  attending  direct  releases  (e.g.,  scenario  class  A-l)  may  come 
near  to  fulfilling  them. 

The  time  delay  (tp)    between  the  occurrence  of  an  initiating  event  or 
process  and  the  epoch  when  releases  from  the  engineered  barrier  system 
attending  that  event  or  process  begins  may  in  certain  contexts  be  highly 
sensitive  in  the  determination  of  the  magnitude  of  the  partial  performance 
measure.   Generally  speaking,  tv   >   0  for  those  scenario  classes  involving 
hydrologic  response  to  changed  boundary  conditions  on  the  flows  through 
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either  the  UZ  or  SZ  (scenario  classes  in  categories  C  and  D) .   Though  few 
calculations  of  the  dynamic  response  of  flows  to  changed  boundary  conditions 
have  yet  been  made,  the  preliminary  studies  that  have  been  documented 
indicate  that  tp    for  events  affecting  flows  in  the  UZ  tends  to  be  long  (1,000 
to  10,000  yr) ,  while  tp    for  events  affecting  flows  in  the  SZ  tends  to  be 
relatively  shor^  (tens  to  hundreds  of  years) .   Current  tools  for  investigat- 
ing hydrodynamic  response  times  are  the  hydrodynamics  module  of  the  Total 
System  Performance  Assessment  Code  (TOSPAC)  for  the  UZ  (under  development, 
but  refer  to  Peters  et  al.  (1986)  or  Klavetter  and  Peters  (1986)  for  the 
physical  basis  of  TOSPAC s  hydrodynamics),  and  the  ISOQUAD  code  (Barr  and 
Miller,  1987)  for  the  SZ.  The  calculation  of  tP    for  different  scenario 
classes  and  different  initiating  events  or  processes  will  in  general  require 
the  use  of  these  or  similar,  phenomenological  codes.   In  those  cases  where 
the  calculation  proves  difficult  or  time  consuming,  tp   may  conservatively  be 
set  to  zero. 

The  transport  times  (7^  and  Tj)    are  probably  the  most  sensitive  quan- 
tities determining  the  performance  measure,  Equation  8.3.5.13-21.   From 
Equations  8.3.5.13-25  and  8.3.5.13-26,  it  is  seen  that  the  distributions  of 
Tu   and  T]   apparently  must  be  inferred  by  calculating  the  distributions  of 
space  integrals  whose  arguments  contain  quantities  that  are  themselves 
distributed  in  space  (e.g.,  the  product  PhK\   is  expected  to  be  spatially 
distributed  with  different  mean  values,  variances  and  autocovariances 
pertaining  to  each  rock  unit) .   Such  a  calculation  would  be  time-consuming  in 
a  systems-level  model.   However,  considerable  simplification  is  possible 
using  extensions  of  the  analytic  methods  proposed  in  Appendix  A  of  Sinnock  et 
al.  (1986) .   Sinnock  et  al.  (1986)  show  that  distributions  of  ground-water 
travel  time  can  be  conservatively  represented  by  a  normal  distribution,  and 
analytic  methods  are  developed  therein  for  calculating  the  mean  and  variance 
of  the  GWTT  distributions;  these  analytic  methods  can  be  applied  to  the 
calculation  of  the  mean  and  variance  of  the  transport  times  (  Tjj  and  77)  .   For 
example,  the  mean  of  the  UZ  transport  times  can  be  estimated  by 


1i  =  £[*,» +  */  +  PbKilk   ikiqZ1}  (8.3.5.13-27) 


where 


6m      =   mean  mobile  moisture  content  in  the  matrix  system 
(m3  [water]  /m3  [rock] 

0/   =  mean  mobile  moisture  content  in  the  fracture  system 
(m3 [water] /m3 [rock] 

k       =   index  labeling  rock  geohydrologic  units  in  the  UZ 
below  the  repository  horizon 

/*   =  thickness  of  the  kih    geohydrologic  unit  that  intervenes  between 
the  repository  floor  and  the  water  table  in  the  repository 
area (m) . 

A  bar  over  a  quantity  denotes  the  mean  value  or  spatial  average  for  a 
spatially  varying  quantity. 
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Note  that  /*  =  0  if  a  water-table  rise  completely  submerges  the  klh    unit 
Similarly,  the  mean  of  the  SZ  transport  times  can  be  estimated  by 


f]  =  2%  +  n/  +PbKid]l   d,[q.  l)  (8.3.5.13-28) 


where 


nm  =  mean  effective  porosity  in  matrix 

fij  =  mean  effective  porosity  in  fractures 

s  =   index  labeling  rock  geohydrologic  units  in  the  SZ 

d,  =   flow-path  length  through  the  «th  unit  (m)  . 

The  sum  of  the  individual  d,   is  a  total  flow-path  length  from  a  given  point 
on  the  water  table  under  the  repository  to  any  point  on  the  accessible- 
environment  boundary.   The  formulae  for  estimating  the  variances  of  the 
transport  times  (  7^  and  77')  are  not  guoted  here;  the  evaluation  of  these 
formulae  requires  the  same  mean  values  of  the  quantities  that  appear  on  the 
right-hand  sides  of  Equations  8.3.5.1.3-27  and  8.3.5.13-28,  and  in  addition, 
the  spatial  variances  and  autocovariance  lengths  for,  and  correlation 
coefficients  among,  all  these  quantities.   In  short,  given  estimates  of  the 
statistical  parameters  associated  with  the  natural  distributions  of  rock 
hydrologic  and  geochemical  parameters  associated  with  each  geohydrologic 
unit,  one  can  estimate  the  distribution  of  the  transport  times  (7^  and  77). 
Estimates  of  each  statistical  parameter  are  intrinsically  uncertain  because 
of  practical  limitations  on  both  the  analytical  methods  used  to  ascertain 
values  of  those  parameters,  and  on  the  number  of  the  data  units  (field 
samples  or  measurements)  that  can  be  obtained  for  use  in  those  analytical 
methods.  Data  that  could  be  used  to  infer  these  statistical  parameters  are 
presently  sparse  or  nonexistent. 

Considerable  insight  into  the  sensitivity  of  the  transport  times  for  the 
determination  of  the  releases  can  be  gained  by  study  of  the  expressions  for 
the  mean  value  of  those  times  (i.e.,  Equations  8.3.5.13-27  and  8.3.5.1.3-28). 
Because  fracture  porosities  are  almost  always  much  less  than  matrix 
porosities,  order-of -magnitude  estimates  of  the  mean  transport  times  can  be 
made  from 


f  >  a;  ^  Ri     .  J 


(8.3.5.13-29A) 


9« 
77-  ^R'm    d  (8.3.5.13-29B) 


where  all  barred  quantities  on  the  right-hand  sides  now  denote  spatial 
averages  over  the  entire  UZ  or  SZ  as  appropriate.  Again,  it  is  emphasized 
that  these  estimates  apply  only  if  the  assumption  of  strong  coupling  between 
mass  concentrations  in  matrix  and  fracture  flows  is  valid. 
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For  the  UZ,  one  may  take  nm  equal  to  0.2  (Figure  B-l  in  Sinnock  et  al., 
1986),  values  for  R^    from  column  5  of  Table  8.3.5.13-4,  and  /  equal  to  250  m 
(Figure  4(A)  in  Sinnock  et  al.  (1986)).   Using  these  values,  one  finds  that 
at  9*  =5  mm/yr,  the  mean  UZ  transport  time  for  nonsorbing  species  (where  R^ 
=   1)  is  just  about  10,000  yr,  and  much  longer  for  sorbing  species  (e.g., 
uranium's  mean  transport  time  through  the  UZ  would  be  270,000  to  450,000  yr) . 
The  SZ  mean  transport  times  can  be  estimated  by  taking  n,m  and  R'^    as  in  the 
UZ  case,  but  q.    =  3.2  x  10-2  m/yr  and  d   =  5000  m  (Table  6-19  in  DOE,  1986b). 
The  mean  transport  time  in  the  SZ  for  nonsorbing  species  is  about  30,000  yr, 
and  for  sorbing  species,  a  term  longer  by  the  factor  R}m  . 

Estimates  such  as  these  show  (1)  why  it  may  be  possible  to  ignore  the 
contributions  of  sorbing  species  to  the  sum  in  Equation  8.3.5.13-21,  provided 
that  the  standard  deviations  (i.e.,  the  square  root  of  the  variances)  of  the 
transport  times  are  small  compared  with  the  mean  and  (2)  why  the  variances  of 
the  transport  times  are  important  in  determining  the  relative  contributions 
of  all  species  to  the  sum  in  Equation  8.3.5.13-21.   These  estimates  also  show 
why  a  solution  to  the  problem  of  coupling  times  for  the  transfer  of  mass  con- 
centrations between  fracture  and  matrix  flows  is  seriously  needed,  partic- 
ularly for  flows  in  the  SZ.   If  coupling  times  are  short  then,  as  indicated, 
transport  times  for  all  species  in  the  SZ  may  exceed  30,000  yr  and  the  SZ 
becomes  the  primary  barrier  to  releases  through  the  water  pathways  (indeed, 
those  scenario  classes  involving  water-pathway  releases  would  make  little  if 
any  contribution  to  the  complementary  cumulative  distribution  functions  in 
this  alternative) .  On  the  other  hand,  if  coupling  times  are  long  compared 
with  the  estimated  170-year  ground-water  travel  time  in  the  SZ,  the  SZ 
barrier  could  only  modestly  reduce  the  magnitude  of  10,000-yr  cumulative 
releases,  and  the  UZ  barrier  would  become  the  primary  barrier  to  releases. 

Models  for  gas-phase  releases 

Release  of  radionuclides  by  gas  pathways  appears  in  both  undis- 
turbed-case and  disturbed-case  scenario  classes.  A  few  of  the  radionuclides 
in  spent-fuel  waste  forms,  namely  tritium,  carbon-14,  krypton-85,  and 
iodine-129,  could  be  released  from  waste  packages  as  gases  or  in  compounds 
that  form  gases.  Of  these,  the  only  important  one  appears  to  be  carbon-14, 
in  the  form  of  carbon  dioxide.   The  half-lives  of  tritium  and  krypton-85 
(12.3  yr  and  10.7  yr,  respectively)  are  short.  Current  evidence  and  the 
extremely  reactive  nature  of  elemental  iodine  suggest  that  it  is  likely  to  be 
released  or  quickly  transforms  in  a  liquid  or  solid  phase.   The  source  of 
gas-phase  carbon-14  "is  thought  to  be  removal  of  carbon  from  the  oxidized 
skin  of  the  Zircaloy  cladding  by  reaction  of  the  oxygen  in  the  atmosphere 
with  carbon  in  the  cladding  oxidation  layer  to  release  carbon  dioxide" 
(Oversby  and  McCright,  1985) .  Oversby  and  McCright  believe  that  as  much  as 
1  percent  of  the  carbon-14  inventory  in  spent  fuel  may  be  available  for  rapid 
release  from  the  breached  waste  packages  in  the  form  of  carbon  dioxide  during 
the  first  100  to  1,000  yr  following  closure  (Section  8.3.5.9).  After  the 
1,000-yr  containment  period,  the  amount  of  carbon-14  available  for  rapid 
release  from  the  breached  waste  packages  would  be  very  small  because  of  slow 
oxidation  rate  of  carbon-14  to  carbon  dioxide  due  to  low  temperatures  and 
gamma  fluxes  (Section  8.3.5.10).   Carbon-14  in  nongaseous  forms  will  be 
released  slowly,  probably  in  a  liquid  phase. 
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Rapid  release  of  1  percent  of  the  carbon-14  inventory  to  the  accessible 
environment  would  not  alone  violate  the  proposed  rule  (10  CFR  60.115).  An 
upper-bound  estimate  of  the  normalized  cumulative  release  under  expected 
conditions  is  0.15,  assuming  a  normalized  inventory  of  15  for  carbon-14 
(Table  8.3.5.13-6)  at  closure  time  and  prompt  transfer  of  1  percent  of  the 
carbon-14  to  the  atmosphere  above  the  repository.   Carbon-14  dioxide 
originating  in  the  waste  form  would,  of  course,  not  be  promptly  transferred 
to  the  atmosphere,  but  would  have  finite  and  possibly  long  residence  times  in 
partially  saturated  pore  spaces  of  the  repository's  overburden  during  which 
times  the  carbon-14  could  decay.   In  addition,  some  of  the  released  carbon-14 
dioxide  would  diffuse  downward  and  presumably  become  dissolved  in  water  in 
pore  spaces  of  rock  below  the  repository  horizon.   The  effect  of  long 
residence  times  and  downward  diffusion  would  be  to  reduce  the  time-integrated 
flux  of  carbon-14  to  the  atmosphere  above  the  repository. 

The  time-dependent  surface  flux  of  carbon-14  originating  in  the  waste 
form  may,  in  principle,  be  estimated  by  first  constructing  a  conceptual  model 
of  transport  of  carbon-14  dioxide  through  the  partially  saturated  overburden 
units  at  Yucca  Mountain  and,  second,  solving  the  system  of  transport  equa- 
tions  rising  from  the  conceptual  model.   The  remainder  of  this  discussion  is 
devoted  to  a  description  of  one  possible  conceptual  model  of  transport  of 
carbon-14  dioxide  and  the  site-specific  data  needed  to  verify  that  conceptual 
model  and  implement  a  solution  of  the  associated  transport  equations. 

The  conceptual  model  for  the  transport  of  carbon-14  dioxide  through  the 
partially  saturated  overburden  has  three  principal  features: 

1.  Gas-phase  carbon-14  dioxide  moves  upward  through  air-filled  pores 
and  fractures  of  the  unsaturated  tuffs  by  molecular  diffusion  and  by 
advection  in  a  thermally  driven  air-convection  cell.  Analyses  to 
date  do  not  permit  either  of  these  processes  to  be  neglected. 

2.  An  isotopic  equilibrium  exists  between  carbon  dioxide  in  the  gas 
phase,  which  is  mobile,  and  dissolved  bicarbonate,  which  is 
immobile.  Advection  of  dissolved  bicarbonate  almost  certainly  may 
be  neglected. 

3.  Precipitation  of  calcite,  if  it  occurs,  irreversibly  removes 
carbon-14  from  the  system.  The  chemical  controls  on  calcite 
precipitation  are  not  yet  understood. 

To  describe  this  system,  three  sets  of  equations  are  required: 

1.  Equations  for  the  movement  of  carbon-14  and  its  transfer  among 
phases. 

2.  Equations  that  determine  the  chemical  environment,  insofar  as  it  is 
not  directly  observable. 

3.  Equations  for  the  velocity  of  air  flow. 

The  following  discussion  describes  the  preliminary  model  for  releases 
along  gas  pathways.   Thorstenson  et  al.  (1983)  point  out  that  each  isotopic 
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species  of  C02  within  unsaturated- zone  gas  diffuses  according  to  its  own 
concentration  gradient.  Advective  transfer  also  will  depend  on  the  local 
concentration  of  any  given  species,  independent  of  the  presence  of  other  iso- 
topes. Mass  transfer  among  phases  can,  however,  depend  on  the  concentrations 
of  other  isotopic  species. 

With  these  considerations  in  mind,  a  governing  equation  for  the  concen- 
tration of  any  gas  in  the  unsaturated  zone  is  needed.   This  is  obtained  by 
adding  advection  terms  to  Equation  12  of  Thorstenson  et  al.  (1983) .   The  one 
dimensional  equation  is  as  follows: 

dCA         dC\  d2CA      ^    acA      ,n       ^     ac\      dCA 

-*>^-*^^T@»D^  =  eD^  +  (QT-@D)-w  +  i>r+Q*      (8.3.5.13-30) 

where 

qg  =  Darcy  velocity  of  mass  flow  of  the  pore  gas  (cm/s) 

ql  =  Darcy  velocity  of  liquid  water  flow  (cm/s) 

CA  =  concentration  of  gas  A   (mole/cm3) 

C\        =   concentration  of  gas  A   and  its  reaction  products  in  the  soil  water 
(mole/cm3  of  water)  (Tnorstenson  et  al.  define  this  variable  as  a 
concentration  per  unit  mass) 

CA        =   concentration  of  substance  A   and  its  reaction  products  in  the 

solid  phase  (mole/ [cm3  of  medium],  where  [cm3  of  medium]  refers  to 
the  space  occupied  by  solids  +  liquids  +  gases) 

j    =  dimension  increasing  with  depth;  0  at  land  surface  (cm) 

t         =  a  tortuosity  factor  accounting  for  the  added  resistance  to 
diffusion  imposed  by  the  structure  of  the  porous  medium 
(dimensionless) 

QD        =  drained  or  gas-filled  porosity  (dimensionless) 

DA        =   molecular  diffusion  constant  for  diffusion  of  gas  A   into  the  pore 
gas  (cm2/s) 

t  =  time  (s) 

©r    =  total  porosity  (dimensionless) 

qa         =   a  production  term  for  substance  A    [ (mole /cm3  of  medium) /s] . 

In  addition  to  the  measurable  parameters  r,  QD,     DAl    and  0r,  Equation 
8.3.5.13-30  contains  five  quantities  that  must  be  calculated  from  other 
models:   <?i ,  ggr    dc\/dt,    dCA/dit    and  a,,.   The  production  term  aA   will,  for 
carbon-14  originating  from  a  repository,  be  obtained  from  waste-package 
models  that  will  not  be  discussed  here.  The  interphase  transfer  terms 
(8C'A/dt   and  BCA/8t)    depend  on  CA,   and  if  species  .4  is  total  carbon  dioxide 
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the  relationship  is  nonlinear.   The  chemical  models  describing  this  relation- 
ship must  therefore  be  incorporated  into  the  transport  model. 

Since  liquid-phase  advection  is  almost  certainly  negligible  for  carbon 
species  at  Yucca  Mountain,  the  second  term  on  the  left-hand  side  of  the 
equation,  involving  qi,    can  be  dropped. 

The  gas  advection  velocity  qg   at  any  point  depends  on  the  gas  density 
throughout  the  mountain;  the  gas  density  depends  on  temperature  and  on  the 
partial  pressures  of  water  vapor  (which,  in  turn,  depends  on  temperature 
because  the  relative  humidity  of  pore  gas  is  always  close  to  100  percent)  and 
carbon  dioxide.   Both  of  these  gases  are  more  concentrated  in  unsaturated- 
zone  gases  than  in  the  atmosphere;  water  vapor  is  lighter  than  air  and  carbon 
dioxide  is  heavier.   Temperature  differences  between  the  mountain  interior 
and  the  outside  arise  from  the  damping  out  of  daily  and  annual  temperature 
variations  in  the  subsurface,  the  geothermal  gradient,  and  the  heat  source  in 
the  repository.   The  first  two  of  these  factors,  combined  with  the  topo- 
graphic relief  of  the  mountain,  induce  a  nonnegligible  air  flow  under 
existing  conditions  (Weeks,  1986;  Kipp,  1986) .  Another,  steadier  component 
of  air  flow  will  be  induced  by  repository  heating  and  continue  until  the  rock 
temperature  throughout  the  mountain  has  returned  to  its  initial  temperature. 
The  relative  magnitude  of  these  flows  is  unknown. 

Steady  air  flows,  such  as  those  due  to  repository  heating  or  mean 
humidity  differences  between  pore  gas  and  atmosphere,  are  incorporated  into 
Equation  8.3.5.13-30  through  the  qg  term.  The  best  manner  of  treating 
oscillating  flows  due  to  daily  and  annual  temperature  variations  is 
uncertain;  rather  than  calculating  a  varying  qsi    it  may  be  easier  to  treat 
these  flows  as  a  mixing  process  and  replace  the  effective  molecular  diffusion 
constant  (-DJ  with  a  mixing  constant  (DM,  which  varies  from  place  to  place. 

Fortunately,  it  is  possible  at  Yucca  Mountain  to  decouple  air-flow  and 
carbon-dioxide-transport  models  and  solve  the  air-flow  problems  without 
reference  to  C02 .  The  advection  velocity  qg    is  essentially  independent  of 
C02  concentration  because  humidity  and  temperature  effects  are  much  greater 
than  the  density  changes  associated  with  variations  in  C02  partial  pressures. 

Equation  8.3.5.13-30  requires  two  boundary  conditions,  one  at  the  water 
table  and  the  other  at  or  near  the  surface.  Because  the  production  of  C02  by 
plant  roots  is  large  and  difficult  to  quantify  and  because  seasonal  tempera- 
ture variations  result  in  changes  in  C02  flux  that  extend  for  some  distance 
below  the  surface,  it  will  probably  be  more  convenient  to  locate  the  upper 
boundary  at  a  depth  of  about  10  m  rather  than  the  surface.  As  for  the  lower 
boundary,  Thorstenson  et  al.  (1983)  found  that  an  assumption  of  chemical 
equilibrium  between  pore  gas  just  above  the  water  table  and  water  just  below 
it  frequently  is  not  borne  out.  Very  likely,  it  will  not  be  possible  to 
develop  mechanistic  models  of  C02  fluxes  at  the  boundaries,  and  concentra- 
tions there  will  simply  have  to  be  set  to  measured  values. 

The  quantity  that  must  be  calculated  to  determine  regulatory  compliance 
is  not  the  concentration  CA,    but  the  integral  of  the  net  flux  to  the 
accessible  environment  over  the  area  of  the  repository  and  over  a  10,000  yr 
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period  following  closure.   The  mass  flux  of  species  A,    which  is  denoted  qAf 
can  be  computed  from  solutions  to  Equation  8.3.5.13-30  as 

dCA 
qA=qtCA+qLCA-T@D—  (8.3.5.13-31) 

In  the  sign  convention  used  here,  the  fluxes  (q)    are  positive  downward. 

Solution  of  Equation  8.3.5.13-30  requires  that  formulae  be  derived  for 
the  time  derivatives  of  the  quantities  C*  and  CA/    representing  the  concentra- 
tions of  species  A  in  the  liquid  and  solid  phases.   Because  the  species  of 
interest  are  total  carbon  dioxide  and  carbon-14,  these  derivatives  will  be 
equal  to  the  rates  of  carbon-dioxide  dissolution  and  carbonate  mineral 
precipitation.  The  rates  of  these  reactions  will  be  determined  by  the  carbo- 
nate chemistry  of  the  system.   Unfortunately,  existing  data  are  not  adequate 
to  identify  a  unique  chemical  model.   The  model  needed  for  resolving  Issue 
1.1  will  be  developed  as  part  of  an  investigation  in  the  Yucca  Mountain 
Project  geochemistry  program  (Section  8.3.1.3.8). 

A  model  for  concentrations  of  total  carbon  dioxide  is  a  prerequisite  for 
predicting  transport  of  carbon-14  for  two  reasons: 

1.  The  equation  for  carbon-14  transport  will  contain  parameters 
depending  on  concentrations  of  total  carbon  dioxide  and  bicarbonate. 

2.  The  success  of  a  model  in  explaining  currently  observed  carbon 
dioxide  concentrations  is  a  valuable  test  of  its  validity. 

To  apply  the  transport  Equation  8.3.5.13-30  to  total  carbon  dioxide,  one 
needs  formulae  for  the  rates  of  change  in  the  dissolved  bicarbonate  concen- 
tration C*  and  the  solid  calcite  concentration  C.      These  two  quantities  will 
be  addressed  in  an  investigation  in  the  Yucca  Mountain  Project  geochemistry 
program  (Section  8.3.1.3.8). 

Two  equations  are  needed  to  describe  the  aqueous  and  solid  carbon-14 
concentrations.   Here,  the  concentrations  and  partial  pressures  of  total 
carbon  dioxide  are  denoted  as  CT   and  PT ,  respectively,  and  the  concentration 
and  partial  pressures  of  carbon-14  dioxide  are  denoted  as  CM  and  PM. 

The  liquid  and  gas  phases  are  intimately  mixed,  and  both  gas  molecules 
and  dissolved  ions  are  very  mobile.   The  chemical  reactions  are  rapid,  and 
isotopic  fractionation  factors  between  gas  and  aqueous-phase  species  and 
among  aqueous-phase  species  in  the  carbonate  system  are  all  very  close  to 
unity.   Consequently,  isotopic  equilibrium  can  be  expected  between  gas-phase 
carbon  dioxide  and  dissolved  bicarbonate.   This  gives  the  equation 

■£7  =  jr  (8.3.5.13-32A) 

Carbon  atoms  in  solid  calcite  are  much  less  mobile.  At  least  as  a  first 
approximation,  they  may  be  thought  of  as  a  reservoir  of  "dead"  carbon  with  no 
carbon-14  content.   In  this  case,  we  can  write  equations  not  for  the  solid 
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concentration  C,    but  for  its  time  derivative.   Different  equations  are 
obtained  for  tne  cases  of  net  precipitation  and  net  dissolution: 


ec 


'    _  P14    r__  9CT 


=  ^.for^->0  (8.3.5.13-32B) 

at 

^  =  0.for^<0  (8.3.5.13-32C) 

at  at 

Equation  8.3.5.13-32C  for  net  dissolution  rests  on  the  assumption  that  there 
has  been  no  precipitation  in  the  relatively  recent  past  (intervals  of  a  few 
times  the  half-life  of  5,730  yr) .  If  a  period  of  precipitation  followed  by 
dissolution  within  the  next  10,000  yr  is  predicted,  some  carbon-14  would  be 
released  from  the  dissolving  calcite  and  a  different  equation  would  have  to 
be  used  instead  of  Equation  8 .3 .5 . 13-32C. 

If  Equation  8.3.5.13-30  for  transport  of  total  carbon  can  be  solved 
without  regard  for  carbon-14,  substitution  of  that  solution  along  with  Equa- 
tions 8.3.5.13-32  and  8.3.5.13-30  for  carbon-14  will  yield  a  linear  equation 
for  carbon-14  transport.   This  will  indeed  be  the  case.  Natural  carbon-14 
abundances  are  on  the  order  of  one  part  in  1014.   The  carbon-14  in  the  repos- 
itory will  be  considerably  more  abundant,  but  still  negligible  compared  with 
the  carbon  in  impinging  water  and  soil  gas.   Even  a  relatively  high  estimate 
of  the  repository  carbon-14  inventory  at  105  Ci  (van  Konynenburg  et  al., 
1984)  only  places  about  22  kg  of  carbon-14  in  the  repository.   It  should  be 
noted  that  less  than  1  percent  of  the  22-kg  inventory  of  carbon-14  may  become 
available  for  gaseous  release.   By  comparison,  if  the  disturbed  zone  around 
the  repository  has  a  thickness  of  100  m,  an  area  of  6  km,  a  drained  porosity 
of  0.1,  and  a  C02  partial  pressure  of  0.1  percent  by  volume,  it  will  contain 
approximately  33,000  kg  of  carbon  in  the  gas  phase,  and  even  more  carbon  will 
be  present  as  dissolved  bicarbonate. 

Discussion  of  some  preliminary  scenario  classes 

Disturbed  case  (A-l) :  direct  release  in  basaltic  volcanism.   The 
consequences  of  basaltic  volcanism  on  a  waste-disposal  site  at  Yucca  Mountain 
were  thoroughly  studied  (Link  et  al.,  1982)  before  reference  repository  host 
rock  and  inventories  for  the  presently  proposed  site  at  Yucca  Mountain  were 
conceived.  Many  of  the  insights  from  this  study  are  still  relevant,  however, 
and  can  be  used  as  background  for  the  discussion  of  this  scenario  class. 

"The  formation  of  the  basic  Basin  and  Range  topography  of  the  (Yucca 
Mountain  site)  has  been  punctuated  throughout  Tertiary  and  Quaternary  time  by 
volcanism.  In  fact,  (the  site)  is  an  up-faulted  block  made  up  of  at  least 
6,000  feet  of  tuff,  a  volcanic  rock.   Only  basaltic  volcanism  (dike-fed 
cinder  cones)  is  known  to  have  occurred  during  Quaternary  time  in  the  region 
surrounding  the  (site)."  (Link  et  al.,  1982) 

During  eruption,  cinder  cones  like  the  ones  near  the  Yucca  Mountain  site 
are  usually  characterized  by  a  pulsating  columnar  eruption  of  jets  of  gas  and 
lava  fragments.  At  repository  depths,  cones  are  fed  by  vertical,  tabular 
magma  bodies  called  dikes. 
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"Geometric  arguments  suggest  that  if  a  tabular  dike  intersects  the 
repository,  it  would  most  likely  intercept  about  seven  spent  fuel  canis- 
ters. ..  .Other  positions  or  lengths  of  penetration  of  the  dike  in  the  reposi- 
tory could  result  in  the  interception  of  as  few  as  zero  canisters  or  as  many 
as  448  spent  fuel  canisters....  Because  there  is  no  information  available  on 
the  possible  interaction  between  a  waste  canister  and  a  basaltic  dike,  all 
waste  in  each  canister  was  assumed  to  be  released  into  the  magma....   If 
waste  were  entrained  by  magma,  some  of  it  would  be  released  by  the  eruption 
column  in  the  form  of  fine  particles."   (Link  et  al.,  1982) 

Using  these  insights  about  basaltic  volcanism,  an  estimate  of  the 
normalized  cumulative  release  can  be  made  for  this  scenario  class.   It  is 
assumed  that  (1)  the  surface  projection  of  the  area  bounded  by  the  perimeter 
drift,  and  extensions,  is  5.1  km2;  (2)  a  tabular  feeder  dike  passes  through 
the  center  of  the  area  bounded  by  the  perimeter  drift,  and  extensions,  and 
has  dimensions  1  m  by  3  km  (i.e.,  3x  10~3  km2  area);  (3)  18,000  waste 
packages  are  uniformly  distributed  over  the  area  bounded  by  the  perimeter 
drift,  and  extensions,  with  radionuclide  inventory  given  in  columns  1  and  3 
of  Table  8.3.5.13-6;  and  (4)  any  waste  packages  intercepted  by  the  feeder 
dike  are  immediately  ejected  through  the  cinder  cone.   The  perimeter  drift  is 
the  boundary  of  the  primary  repository  area  and  extensions;  the  surface 
projection  is  the  vertical  projection  of  the  primary  repository  area  and 
extensions  onto  the  ground  surface. 

Geometric  argument  shows  that  11  waste  packages  are  intercepted  in  this 
case.  One  can  estimate  a  bound  on  the  consequences  for  release  to  the 
accessible  environment  for  this  case  using  Equation  8.3.5.13-21,  that  is, 

M<-f^y^  =  104  (8.3.5.13-33) 

where  N  =   11,  NT   =  18,000,  and  the  sum  over  the  index  i   of  o,/Ii  is  computed 
at  the  bottom  of  column  5  of  Table  8.3.5.13-6.   If  4  x  10_8/yr  (Crowe  et  al, 
1982)  is  taken  as  the  upper-bound  estimate  of  the  annual  probability  of 
occurrence  of  basaltic  volcanism  in  the  area  bounded  by  the  perimeter  drift, 
and  extensions,  then  the  probability  of  such  an  event  occurring  once  in  a 
10,000-yr  period  is  4  x  10"4  and  the  probability  of  more  than  one  occurrence 
is  negligible.  According  to  these  estimates,  the  normalized  release  is  less 
than 

104  x  4  x  10"4  -  4.16  x  10"2. 

This  estimate  is  not  necessarily  an  upper  bound,  because  the  size  of  the 
feeder  dike  was  arbitrarily  assumed.  A  more  realistic  calculation  that  takes 
into  account  the  decay  of  the  waste  inventory,  the  distribution  in  sizes  of 
feeder  dikes,  and  the  distribution  of  waiting  times  until  occurrence  of 
basaltic  volcanism  can  easily  be  made  once  the  values  of  performance 
parameters  for  the  scenario  are  known. 
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Disturbed  case  (A-2) :   direct  release  via  human  intrusion.  Many  sce- 
narios involving  human  intrusion  at  Yucca  Mountain  can  be  imagined,  but  for 
this  document  consideration  is  restricted  to  the  events  cited  in  the  list  of 
potentially  adverse  conditions  (PACs)  (10  CFR  60.122(c)  (2)).   This  list  men- 
tions some  of  the  human  activities  that  could  adversely  affect  ground-water 
flow  systems,  namely  (1)  ground-water  withdrawal,  (2)  extensive  irrigation, 
(3)  subsurface  injection  of  fluids,  (4)  underground  pumped  storage,  (5)  mili- 
tary activity,  and  (6)  construction  of  large-scale  surface  water  impound- 
ments.  In  considering  the  potential  effects  of  future  activities  of  these 
kinds,  the  DOE  has  assumed  that  none  could  credibly  occur  within  the  bounda- 
ries of  the  controlled  area  (the  area  to  be  delimited  by  long-lasting  mar- 
kers) ;  however,  the  possibility  of  some  circumspect  exploratory  drilling 
within  the  controlled  area  is  allowed. 

Scenarios  involving  activities  (2)  and  (6)  are  incorporated  in  the 
discussions  of  scenario  classes  C  and  D,  which  involve  local  or  repository- 
wide  flooding  from  sources  above  the  repository  (C)  and  effects  on  the  satu- 
rated zone  (D) ;  neither  of  these  activities  could  logically  lead  to  direct 
releases  of  radionuclides  to  the  accessible  environment  in  the  context  of 
Yucca  Mountain. 

Activity  1,  ground-water  withdrawal,  could  lead  to  either  direct  or 
indirect  releases.   Direct  releases  would  occur  through  the  pumping  to  the 
surface  of  saturated-zone  ground  water  that  has  become  contaminated  with 
radionuclides  from  the  repository.   This  situation  is  of  concern  for  the 
ground-water  protection  rule  addressed  by  Issue  1.3  (Section  8.3.5.15). 
Indirect  releases  could  be  linked  to  changes  in  ground-water  velocities  in 
the  saturated  zone  through  changes  in  head  gradients  caused  by  water  with- 
drawal.  Given  the  long  transport  times  through  the  unsaturated  zone  that  are 
predicted  for  the  nominal  case  (less  than  1  percent  of  calculated  ground- 
water travel  times  are  less  than  10,000  yr  (Sinnock  et  al.,  1986)),  the 
conseguences  of  direct  release  through  ground-water  withdrawal  appear  to  be 
minuscule  and  probably  can  be  ignored.  The  conseguences  of  indirect  release 
through  alterations  in  the  head  gradients  of  the  saturated  zone  probably  can 
also  be  ignored,  but  in  any  case  are  amenable  to  guantification  using  models 
for  failure  of  the  saturated-zone  barriers  (category  D  in  Table  8.3.5.13-3). 

This  leaves  the  essentially  underground  activities  (3,  4,  and  5),  which, 
along  with  other  underground  activities  in  the  controlled  area  not  mentioned 
in  the  potentially  adverse  condition  (PAC)  list  (e.g.,  underground  explora- 
tion for  economic  and  scientific  purposes) ,  would  logically  be  preceded  by 
some  kind  of  investigations  from  the  surface.   Consistent  with  the  PAC  list's 
context  of  late  20th-century  socioeconomic  needs  and  technology,  the  most 
likely  method  of  exploration  from  the  surface  would  be  the  drilling  of  bore- 
holes.  It  is  recognized  that,  in  principle,  other  human  activities  could  be 
important.   However,  the  DOE's  judgment  is  that  the  assumptions  specified 
with  regard  to  human  activities  in  the  definition  of  significant  events  and 
processes  in  the  proposed  amendments  to  10  CFR  60.2  (and  given  in  the  regula- 
tory background  for  this  discussion)  limit  those  that  should,  in  fact,  be 
considered.   In  the  remainder  of  this  discussion,  an  upper-bound  estimate  of 
the  scenario  probability  and  the  normalized  cumulative  release  for  such 
inadvertent  exploratory  drilling  is  made.   The  scenario  assumptions  are  given 
in  the  following  paragraphs. 
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It  is  assumed  that  Yucca  Mountain  could  become  the  site  of  many  episodes 
of  exploratory  drilling  during  the  10,000-yr  period  following  closure.   Each 
episode  is  presumed  to  follow  a  period  in  which  markers  for  the  controlled 
area  (as  defined  by  the  NRC  in  10  CFR  60.2)  have  either  disappeared  or  become 
unreadable,  and  records  and  knowledge  of  previous  exploratory  efforts  are 
lost.  During  each  episode,  there  is  the  possibility  that  deep  drilling  on 
the  site  will  accidentally  graze  or  penetrate  a  waste  package,  resulting  in 
radioactive  material  being  brought  to  the  surface  along  with  core.   The 
activity  of  this  material  would  thus  contribute  to  the  cumulative  release  to 
the  accessible  environment.   Depending  on  the  time  of  an  episode  after  clo- 
sure and  the  depth  of  drilling  in  the  unsaturated  zone,  some  radioactivity 
could  be  brought  to  the  surface  in  the  pore  water  of  cores  from  those 
boreholes  that  do  not  graze  a  waste  package.   This  contribution  is  not 
considered  in  the  present  analysis,  but  it  could  be  considered  in  future 
analyses,  given  the  same  kinds  of  data  as  will  be  reguired  for  a  complete 
analysis  of  the  present  scenario  class  (A-l)  and  the  nominal  class  (E) . 

It  is  assumed  that  18,000  waste  packages,  each  containing  3.89  MTHM  of 
spent  fuel,  are  uniformly  distributed  throughout  the  area  bounded  by  the 
perimeter  drift,  and  extensions,  in  the  Topopah  Spring  (TS)  unit  (Figure 
8.3.5.13-5).   The  bounded  area  is  1,260  acres  (510  ha,  or  5.1  km2).   The 
waste  packages  are  cylindrical  with  an  internal  diameter  of  68  cm  and  inter- 
nal length  of  4.3  m;  the  analysis  below  treats  both  vertical  and  horizontal 
placement  of  waste  packages.  Waste  composition  of  each  package  is  given  in 
Table  6-47  of  DOE  (1986b) .  To  bound  the  estimate,  it  is  assumed  that  a 
100-yr-old  waste  inventory  prevails  during  every  exploratory  episode  and  that 
the  rate  of  penetration  over  the  10,000-yr  period  is  constant  and  equal  to 
0.0003  boreholes  per  square  kilometer  per  year  (this  rate  of  drilling  is 
specified  by  the  EPA  in  40  CFR  Part  191,  Appendix  B  as  a  maximum  rate  of 
penetration  at  sites  containing  nonsedimentary  rock) .   It  is  also  assumed 
that  each  penetration  passes  vertically  through  the  TS  unit  and  that  the 
drill-bit  diameter  is  constant  and  equal  to  6  cm. 

Given  that  the  entire  thickness  of  the  TS  unit  under  the  surface  projec- 
tion of  the  perimeter  drift  and  extensions  is  vertically  penetrated  by  the 
drill-bit,  the  probability  that  a  waste  package  is  at  least  grazed  by  any  one 
drill-bit  is 

J  .0125       (horizontal  emplacement) 
[  .00152     (vertical  emplacement) 

This  probability  is  equal  to  the  ratio  of  the  total  effective  intercept  area 
of  the  18,000  packages  to  the  area  bounded  by  the  perimeter  drift  and  exten- 
sions. The  effective  intercept  area/package  is  just  the  projected  area  per 
package  plus  the  area  of  a  3-cm-thick  border  around  the  projected  area.  At 
the  given  upper  limit  on  the  rate  of  penetration  of  the  site  0.0003  boreholes 
per  square  kilometers  per  year,  one  expects  about  15  penetrations  in 
10,000  yr.   Giver.  .V  =  15  tries,  the  expected  value  of  curies  brouaht  to  the 
surface  on  the  nth     try  (n=  1,  2,  3,  .  .  .  .V)  is  CJn)p,    where  CJn)   is  the 
expected  curies,  in  the  iorm  of  the  »',h  nuclide  species,  intercepted  by  the 
drill  bit  on  the  nth  try.   Note  that  this  quantity  would  have  to  be  estimated 
by  simulation,  taking  into  account  the  change  in  waste-package  nuclide 


8.3.5.13-83 


DECEMBER  1988 

inventory  with  time.   For  purposes  of  this  bounding  calculation,  we  introduce 
Cj(max),  the  maximum  curies  that  could  be  intercepted  by  a  drill  bit  in  any 
try;  thus,  the  expected  value  of  curies  brought  to  the  surface  in  N  tries  is 

A' 

Qi  =  ^C,,(n)p<  NpCi(m*x)  (8.3.5.13-34) 

71  =  1 

and  the  expectation  of  the  performance  measure  for  this  scenario  class  is 

v^  Qi        »,  v^  Cj(max) 
Af  =  y^  <7VPV-^- 1  (8.3.5.13-35) 

i  i 

The  guantity  on  the  right  side  of  the  above  ineguality  is  an  upper-bound 
estimate  of  the  expected  partial  performance  measure  (EPPM)  for  this  scenario 
class.  The  sum  on  the  right  side  is  calculated  in  Table  8.3.5.13-7.  Using 
the  values  of  N   and  p  given  above 

j  7.66  x  1(T4     (vertical) 
**  \  9.92  x  10-4     (horizontal) 

This  upper-bound  estimate  should  be  compared  with  the  estimate  of  the  EPPM 
for  nominal-case  releases  along  water  pathways,  about  2  x  10"7  (Table  4  in 
Sinnock  et  al.,  1986) . 

Disturbed  case  (C-l) :   increased  flux  through  the  unsaturated  zone. 
Some  of  the  initiating  events  or  processes  causing  an  increased  percolation 
flux  through  the  unsaturated  zone  (UZ)  and  a  conseguent  decrease  in  radio- 
nuclide transport  times  through  the  UZ  are  the  following: 

1.  Climate  change  causes  increase  in  infiltration  over  controlled  area 
(C-area) . 

2.  Offset  on  faults  creates  surface-water  impoundments,  alters 
drainage,  creates  perched  aguifers,  or  changes  dip  of  tuff  beds. 

3.  Volcanic  eruption  causes  flows  or  other  changes  in  topography  that 
result  in  surface-water  impoundments  or  diversion  of  drainage. 

4.  Igneous  intrusions,  such  as  a  sill,  that  could  result  in  a  change  in 
flux. 

5.  Tectonic  folding  changes  the  dip  of  tuff  beds  in  C-area,  thereby 
changing  flux. 

6.  Uplift  or  subsidence  changes  drainage,  thereby  changing  flux. 

7.  Subsidence  of  the  mined  repository  creates  surface-water 
impound  ments  or  diverts  drainage. 

8.  Natural  surface-water  impoundments  are  formed  over  access  shafts 
connecting  surface  and  repository. 
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9.   Extensive  irrigation  is  conducted  near  the  C-area. 

10.   Large-scale  surface-water  impoundments  are  constructed  near  the 
C-area. 

Of  these  events  and  processes,  climatic  change  is  probably  the  agent  with  the 
most  potential  for  increasing  local  and  repository-wide  flux  levels.   The 
diversion  of  drainage  from  down-dip  flow  attending  an  episodic  offset  along  a 
fault  passing  through  the  repository  could  also  substantially  increase  local 
flux  and,  as  a  consequence,  place  a  limited  number  of  waste  packages  in  path- 
ways to  the  water  table  along  which  the  UZ  transport  times  are  short  relative 
to  the  mean  transport  times  of  the  nominal  case.   The  other  initiating  events 
or  processes  appearing  in  the  above  list  will  probably  prove  to  have  conse- 
quences that  are  indistinguishable  from  nominal-case  consequences.   In  par- 
ticular, those  events  or  processes  leading  to  floods  over  the  C-area  will 
probably  have  very  long  hydraulic-response  times,  and  thus  near-zero 
consequences.   This  belief  stems  from  preliminary  calculations  of  flooding 
that  show  response  times  of  thousands  of  years.   There  is  also  a  small  number 
of  waste  packages  that  would  be  intercepted  by  the  "plume"  of  a  flooding 
event,  and  a  negligible  reduction  in  UZ  transport  time  would  be  caused  by  the 
slight  increase  in  flux  that  attends  a  flooding  event. 

Disturbed  case  (C-2) :   foreshortening  of  the  unsaturated  zone.   Some 
initiating  events  and  processes  that  could  lead  to  a  decrease  in  the 
effective  thickness  of  the  unsaturated  zone  (UZ)  and  a  consequent  decrease  in 
radionuclide  transport  times  through  the  UZ  are  the  following: 

1.  Climate  change  causes  an  increase  in  altitude  of  water  table. 

2.  Igneous  intrusion  causes  a  flow  barrier  or  thermal  effects  that 
alter  water-table  level. 

3.  Offset  on  fault  juxtaposes  transmissive  and  nontransmissive  units, 
resulting  in  either  the  creation  of  a  perched  aquifer  or  a  rise  in 
water  table. 

4.  Episodic  changes  in  strain  in  the  rock  mass  due  to  faulting  cause 
changes  in  water-table  level. 

5.  Folding,  uplift,  or  subsidence  lowers  repository  with  respect  to 
water  table. 

6.  Extensive  irrigation  is  conducted  near  the  C-area. 

7.  Large-scale  surface-water  impoundments  are  constructed  near  the 
C-area. 

8.  Extensive  surface  or  subsurface  mining  occurs  near  C-area. 

9.  Extensive  ground-water  withdrawal  occurs  near  C-area. 

Of  these  events  and  processes,  climate  change  probably  is  the  agent  with  the 
most  potential  for  increasing  the  elevation  of  the  water  table  under  the 
C-area;  Czarnecki  (1985)  used  a  regional  hydrologic  model  (Czarnecki  and 
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Waddell,  1984)  and  extremely  conservative  assumptions  about  the  effects  of 
climatic  change  on  ground-water  systems  to  show  that  water-table  elevations 
might  rise  by  as  much  as  130  m  in  the  future.   The  effect  of  changed  offset 
along  faults  on  saturated-zone  (SZ)  transmissivity  may  also  be  important  in 
determining  water-table  elevations.   Barr  and  Miller  (1987)  have  used  the 
ISOQUAD  code  (Pinder,  1976)  to  explore  the  effects  of  abrupt  alterations  of 
(SZ)  features  presumed  to  control  the  distribution  of  hydraulic  heads.   For 
example,  they  assumed  a  fault-controlled  model  with  sudden  leakage  across  the 
Solitario  Canyon  fault  and  predicted  rises  in  the  water-table  altitude  under 
the  C-area  of  30  m  with  hydrodynamic  response  times  of  about  115  yr.  A  con- 
nection between  fault  motion  and  changes  in  leakage  across  that  fault  has  not 
been  firmly  established.   Hence,  the  calculations  of  Barr  and  Miller  (1987) 
should  be  viewed  as  a  worst-case  calculation. 

The  other  initiating  events  or  processes  appearing  in  the  list  will 
probably  prove  to  have  conseguences  indistinguishable  from  nominal-case 
conseguences,  or  even  have  positive  effects  such  as  the  lowering  of  the 
water-table  level  through  ground-water  withdrawals  or  mine  dewatering.   In 
any  case,  these  beliefs  need  to  be  confirmed  by  guantitatively  screening  the 
conseguences  of  realization  of  each  of  the  initiating  events  or  processes 
shown  in  the  list. 

Disturbed  case  (C-3) :   altered  unsaturated-zone  rock-properties  and 
geochemistry.   Some  initiating  events  and  processes  that  could  alter 
rock-hydrologic  properties  and  geochemical  conditions  in  the  unsaturated  zone 
(UZ)  in  such  a  way  as  to  decrease  radionuclide  transport  times  through  the  UZ 
are  the  following: 

1.  Igneous  intrusions  cause  changes  in  rock  hydrologic  properties. 

2.  Igneous  intrusions  cause  changes  in  rock  geochemical  properties. 

3.  Episodic  offset  on  faults  causes  local  changes  in  rock  hydrologic. 
properties,  thereby  destroying  existing  barriers  to  flow  or  creating 
new  conduits  for  drainage. 

4.  Offset  on  a  fault  causes  changes  in  movement  of  ground  water, 
resulting  in  mineralogical  changes  along  the  fault  zone. 

5.  Offset  on  a  fault  changes  radionuclide  travel  pathway  to  one  with 
different  geochemical  properties. 

6.  Changes  in  stress  or  strain  in  the  C-area  resulting  from  episodic 
faulting,  folding,  or  uplift  cause  changes  in  the  hydrologic 
properties  of  the  rock  mass. 

7.  Tectonic  processes  cause  changes  in  ground-water  table  or  movement 
that  results  in  mineralogic  changes  in  the  C-area. 

8.  Extensive  irrigation  is  conducted  near  the  C-area. 

9.  Large-scale  surface-water  impoundments  are  constructed  near  the 

C-area. 
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10.   Extensive  surface  or  subsurface  mining  occurs  near  the  C-area. 

Acting  alone,  none  of  these  events  or  processes  are  currently  believed  to  be 
capable  of  leading  to  conseguences  distinguishable  from  undisturbed-case 
conseguences;  nevertheless,  this  belief  needs  to  be  confirmed  by  a 
guantitative  screening  of  conseguences. 

Disturbed  case  (D-l) :   foreshortening  of  flow  paths  in  the  saturated 
zone.   Some  initiating  events  and  processes  that  could  lead  to  the  appearance 
of  surficial  discharge  points  within  the  C-area,  thereby  shortening  radio- 
nuclide travel  times  through  the  saturated  zone  (SZ)  to  the  accessible 
environment,  are  the  following: 

1.  Climate  change  causes  appearance  of  surficial  discharge  points 
within  the  C-area. 

2.  Igneous  intrusions  cause  flow  barrier  or  thermal  effects  that  alter 
water-table  level. 

3.  Offset  on  fault  juxtaposes  transmissive  and  nontransmissive  units, 
resulting  in  either  the  creation  of  a  perched  aguifer  or  a  rise  in 
the  water  table. 

4.  Episodic  changes  in  strain  in  the  rock  mass  due  to  faulting  causes 
changes  in  water-table  level. 

5.  Folding,  uplift,  or  subsidence  lowers  repository  with  respect  to 
water  table. 

Climate  change  probably  is  the  only  credible  cause  of  a  water-table  rise 
sufficient  to  create  long-term  surficial  discharge  points.   Even  so,  a 
consideration  of  the  minimum  distances  between  the  current  water  table  and 
the  surface  levels  apparent  within  recently  proposed  boundaries  for  the 
C-area  (Rautman  et  al.,  1987)  shows  that  water-table  rises  greater  than  160  m 
would  be  reguired  to  create  new  discharge  points.   The  appearance  of  surfi- 
cial discharge  points  within  the  C-area  is  not  the  only  way  by  which  the 
SZ  could  be  foreshortened.  Changes  in  the  horizontal  component  of  the  gradi- 
ent of  the  SZ  head  contours  could  also  lead  to  decreases  in  the  means  and 
increases  in  the  variances  of  the  radionuclide  transport  times  (changes  in 
the  vertical  components  of  the  SZ  head  contours,  i.e.,  changes  in  the  magni- 
tude of  the  linear  water  velocity  through  the  SZ,  are  included  in  scenario 
class  D-2) .  This  latter  effect  depends  upon  the  definition  of  the  boundaries 
of  the  C-area  that  is  ultimately  adopted.  The  effect  has  not  been  considered 
in  the  choice  of  initiating  events  and  processes  in  the  preceding  list. 

Disturbed  case  (D-2) :   altered  saturated  zone  head  gradients,  rock 
hydrologic  properties,  and  geochemistry.   Some  initiating  events  and 
processes  that  could  lead  to  adverse  alterations  of  the  saturated  zone  (SZ) 
vertical  head-gradients,  or  SZ  rock  hydrologic  properties,  or  SZ  geochemistry 
are  the  following: 

1.   Climate  change  causes  an  increase  in  the  hydraulic  gradients  of  the 
water  table  within  the  C-area. 
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2.  Igneous  intrusion  causes  flow  barriers  or  thermal  effects  that  alter 
water  table  (or  hydraulic  gradients)  . 

3.  Offset  on  faults  juxtaposes  transmissive  and  nontransmissive  units, 
resulting  in  either  the  creation  of  a  perched  aquifer  or  a  rise  in 
the  water  table  (or  a  change  in  hydraulic  gradients) . 

4.  Extensive  irrigation  is  conducted  near  the  C-area. 

5.  Large  scale  surface-water  impoundments  are  constructed  near  the 
C-area. 

6.  Extensive  surface  or  subsurface  mining  occurs  near  the  C-area. 

7.  Extensive  ground-water  withdrawal  occurs  near  the  C-area. 

"Adverse"  alterations  means  changes  that  could  decrease  radionuclide  trans- 
port times  in  the  SZ.  Again,  the  only  potentially  important  cause  of  adverse 
alteration  in  the  vertical  head  gradient  probably  is  climatic  change.   In  his 
most  recent  calculations,  Czarnecki  (1985)  predicts  that  a  four-fold  increase 
in  specific  discharge  in  the  SZ  could  accompany  the  130-m  water-table  rise 
associated  with  a  model  of  future  climatic  conditions.  Changes  in  SZ  trans- 
missivity  associated  with  fault  motion  might  also  have  some  small  effects  on 
radionuclide  transport  times  in  the  SZ,  as  shown  by  Barr  and  Miller  (1987) ; 
however,  the  model  effects  on  transport  time  of  an  uncoupled  contaminant 
particle  through  the  SZ  observed  by  Barr  and  Miller  (1987)  are  probably 
related  more  to  changes  in  the  horizontal  components  of  the  head  gradients 
than  in  the  vertical  components.   In  any  case,  both  climatic  change  and 
faulting  need  to  be  seriously  considered  as  agents  of  change  in  the  SZ 
transport  times. 

4.  A  preliminary  performance  allocation  for  Issue  1.1 

A  preliminary  performance  allocation  for  this  issue  is  summarized  in 
Table  8.3.5.13-8.  Because  this  allocation  deals  with  the  total  system  and 
performance  measures  for  the  total  system,  it  is  appropriate  to  allocate 
performance  against  those  perceived  events  and  processes  to  which  the  total 
system  must  respond.  Column  1  of  Table  8.3.5.13-8  lists  the  eight  poten- 
tially significant  categories  of  scenario  classes  identified  in  Table 
8.3.5.13-3.  Column  2  indicates  the  mode(s)  of  the  release  (or  release 
pathway)  corresponding  to  each  scenario  class.   For  reasons  mentioned  in  the 
background  material  on  gas-phase  releases,  the  gas  pathway  is  considered 
important  only  for  the  nominal  case  (E) .  Column  3  shows  a  preliminary 
assessment  of  the  barriers  on  which  primary  reliance  may  be  placed  in  meeting 
the  performance  goal  listed  in  column  6;  possible  backup  barriers  are  also 
indicated.   Column  4  shows  the  component (s)  of  the  primary  barrier  that  are 
believed  to  contribute  most  to  the  achievement  of  the  performance  goal; 
column  5  gives  the  reason  for  the  assignment  of  a  primary  barrier  in  the  form 
of  the  processes  or  conditions  that  may  ensure  the  achievement  of  the 
performance  goal. 

Column  6  shows  the  performance  measure  for  each  scenario  class,  the 
expected  partial  performance  measure  (EPPM) .  The  EPPM  is  defined  earlier  in 
this  section,  in  the  discussion  entitled  "Screening  for  significant  events, 
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processes,  and  features";  it  appears  formally  in  Equation  8.3.5.13-8. 
Ideally,  the  value  of  the  entire  CCDF  could  be  used  as  the  performance 
measure.   To  obtain  such  a  value  would,  however,  require  that  information  for 
all  the  scenario  classes  be  available  at  the  same  time;  for  that  reason,  such 
a  measure  would  not  be  useful  or  practical  in  guiding  the  site  characteriza- 
tion program  toward  acquiring  the  information  needed  for  evaluating  a  single 
scenario  class.   The  EPPM  is  therefore  used  in  the  preliminary  performance 
allocation  as  a  surrogate  measure  suitable  for  individual  scenario  classes. 
The  final  resolution  of  this  issue  will  be  made  in  terms  of  the  full  CCDF  and 
not  the  EPPMs. 

Column  7  shows  a  tentative  goal  for  each  expected  partial  performance 
measure;  column  8  gives  an  indication  of  the  confidence  that  the  DOE  expects 
to  need  in  licensing  when  it  demonstrates  that  this  goal  has  been  met.   These 
measures  of  confidence  are  subjective,  since  models  to  calculate  the  EPPMs 
for  all  scenario  classes  are  not  yet  available,  and  considerable  judgment  has 
been  used  in  making  assignments  in  columns  7  and  8.   The  use  of  tentative 
goals  and  indications  of  confidence  is  explained  in  Section  8.1.2.2. 

Except  for  the  gas  pathway  in  the  first  scenario  class  of  Table 
8.3.5.13-8,  all  entries  in  column  7  were  made  using  the  assumption  that 
fractional  release  rates  of  radionuclides  from  the  engineered  barrier  system 
(EBS)  would  not  exceed  the  10  CFR  Part  60  limit  of  0.00001  parts  per  year  of 
the  1,000-yr  inventory.   This  may  be  an  unrealistic  assumption  for  the  highly 
soluble  compounds  associated  with  carbon,  technetium,  and  iodine. 

It  is  not  possible  to  allocate  performance  of  the  total  system  for  the 
direct-release  scenario  classes  (A-l  and  A-2  in  Table  8.3.5.13-3).   However, 
the  estimates  of  the  EPPMs  for  these  scenarios  that  are  in  column  7  of  Table 
8.3.5.13-8  are  conservative,  particularly  if  the  improbability  of  short  delay 
times  before  the  occurrence  of  the  initiating  events  is  taken  into  account. 
The  delay-time  probabilities  have  also  been  factored  into  the  assignments  in 
columns  7  and  8  for  some  of  the  water-pathway  scenario  classes  (C-l,  C-2, 
D-l,  and  D-2) . 

Tables  8.3.5.13-9  through  8.3.5.13-16  (performance-parameter  tables) 
list  the  parameters  needed  to  evaluate  the  EPPM  for  the  scenario  classes  and 
the  goals  associated  with  these  parameters.  Table  8.3.5.13-17  lists  param- 
eters that  support  the  performance  parameters  in  these  tables  and  are  needed 
to  evaluate  the  overall  CCDF.  The  eight  performance-parameter  tables  give, 
for  each  initiating  event  or  process,  the  associated  performance  measure, 
performance  parameters,  tentative  goals,  and  confidence  (current  and  needed) . 
These  phrases  are  explained  in  general  terms  in  Section  8.1.2.2.   In  these 
tables,  the  performance  measure  is  the  EPPM  specified  in  Table  8.3.5.13-8. 
The  performance  parameters  are  data  and  information  that  are  required  to 
calculate  or  assess  values  of  the  EPPM  for  each  scenario  class.  The 
tentative  goals  state  quantitative  or  qualitative  conditions  on  the  value  of 
a  performance  parameter.   These  goals  are  not  criteria  that  the  site 
repository  or  other  parts  of  the  system  must  meet;  they  are  merely  values 
which,  if  met,  are  likely  to  lead  to  achieving  the  quantitative  goal  for  the 
EPPM.   In  the  confidence  columns,  current  confidence  is  a  measure  of  the 
confidence  on  a  scale  of  high  (H) ,  medium  (M) ,  and  low  (L) ,  that  currently 
available  data  and  information  would  suffice  to  show  that  the  goal  for  the 
performance  parameter  could  be  met;  the  needed  confidence  column  indicates, 
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on  the  same  scale,  an  assessment  of  the  confidence  needed  to  establish  in  a 
formal  licensing  action  that  the  goal  for  the  performance  parameter  has  been 
met. 

5.   Summary  of  licensing  and  issue-resolution  strategy  for  Issue  1.1 

A  nine-step  program  for  providing  the  documented  analyses  and 
calculations  for  resolving  Issue  1.1  is  outlined  in  Table  8.3.5.13-18. 


Table  8.3.5.13-18 


Licensing  strategy  for  resolving  Issue  1.1  (total 
system  performance) 


Step 


Description 


Identify  relevant 
phenomena 
leading  to 
releases 


Identify  poten- 
tially signif- 
icant events 
and  processes 


Identify  release 
scenarios 


4.  Identify  scenario 
classes 


Generic  lists  of  phenomena  potentially  leading 
to  releases  from  a  geologic  repository  (IAEA, 
1983a)  are  used  together  with  site-specific 
information  to  single  out  those  phenomena 
that  are  relevant  to  the  waste-disposal  system 
being  considered. 

Relevant  phenomena  are  examined  in  the  light 
of  being  possible  initiators  or  promoters  of 
release  scenarios.  The  implications  of  the 
site-specific  freguencies  and  magnitudes, 
insofar  as  these  are  known  for  the  integrity 
of  each  of  the  system's  barriers,  are 
explored. 

Events,  processes,  and  conditions  identified  in 
step  2  are  chained  together  to  form  scenarios. 
The  construction  of  chains  is  constrained  by 
physical  causality  and  evidence  concerning  the 
likelihood  of  occurrence  of  events  and  proces- 
ses that  form  the  chain  (in  other  words, 
screening  against  probability  may  occur  in 
this  step) .  The  result  of  this  step  is 
usually  a  large  number  of  potential  release 
scenarios. 

All  release  scenarios  identified  in  step  3  are 
examined  and,  by  judgment,  assembled  in 
classes,  each  class  being  amenable  to  formu- 
lation as  a  single  mathematical  model.  The 
result  of  this  step  is  usually  a  moderate 
number  of  scenario  classes  that,  after  being 
put  in  mathematical  form  in  step  5,  can  be 
screened  against  conseguences  in  step  6. 
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Table  8.3.5.13-11 


Licensing  strategy  for  resolving  Issue  1.1  (total 
system  performance)  (continued) 


Step 


Description 


Construct  scenario 
class  models 


Eliminate  incon- 
seguential 
scenarios 


Construct  total 
system 


Mathematical  models  of  the  scenario  classes 
identified  in  step  4  are  constructed.   The 
independent  variables  of  each  model  are  those 
state  variables  needed  to  determine  initial 
conditions,  boundary  conditions,  and  any 
time-dependent  forcing  functions  that  appear 
in  the  scenario  class;  the  dependent  variable 
(the  output)  of  each  model  is  the  partial 
performance  measure  for  the  scenario  class 
associated  with  a  particular  choice  of  the 
class's  independent  variables. 

Release  scenarios  or  even  whole  scenario  classes 
may  be  eliminated  from  set  of  exceptional 
scenarios  by  screening  against  relative  or 
absolute  consequences.   If  necessary,  the 
models  that  survive  screening  against  conse- 
quences may  be  simplified  in  this  step  by 
elimination  of  insensitive  independent 
variables  (sensitivity  analyses) . 

Simplified  mathematical  models  resulting  from 
step  6  are  implemented  by  efficient  computer 
codes  that  can  be  combined  in  a  single 
calculational  model  under  the  control  of  a 
driver  routine.  The  driver  routine  must 
provide  independent  variables  for  each  sub- 
model, direct  a  simultaneous  calculation  of 
the  partial  performance  measure  for  each 
submodel,  and  sum  the  resulting  partial 
performance  measures  to  obtain  a  value  of  the 
total  performance  measure,  M,  for  a  system; 
the  driver  routine  must  also  select  indepen- 
dent variables  for  the  submodels  by  Monte 
Carlo  sampling  from  the  joint  probability 
distribution  of  state  variables  for  all 
submodels.   The  form  of  the  joint  probability 
distribution  of  state  variables,  and  the 
ranges  of  those  state  variables,  will  inevita- 
bly be  determined  by  judgment.  Wherever 
possible,  judgment  will  be  enhanced  and 
supplemented  with  site  specific  actuarial  data 
concerning  magnitudes  and  frequencies  of  the 
phenomenon  that  determine  the  state  variables. 
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Table  8.3.5.13-1! 


Licensing  strategy  for  resolving  Issue  1.1  (total 
system  performance)  (continued) 


Step 


Description 


Construct  an 
empirical 
complementary 
cumulative 
distribution 
function  (CCDF) 


9.  Document  results 


The  computer-implemented  simulator  assembled  in 
step  7  is  used  to  generate  sample  values  of 
the  total  performance  measure  M.   By  repeated 
sampling,  a  large  number  of  samples  can  be 
generated  and  used  to  construct  an  empirical 
CCDF  or  as  a  data  set  to  which  standard 
statistical  methods  for  estimating  likelihoods 
with  given  confidence  bounds  may  be  applied. 

The  logic  and  data  bases  supporting  the  analyses 
for  steps  1  to  4,  the  rationales  for  the 
models  developed  in  steps  5  to  7,  and  the 
results  of  the  CCDF  calculations  in  step  8 
are  all  documented  and  presented  as  evidence 
that  the  proposed  waste  disposal  system  will 
meet  the  proposed  10  CFR  60.112  and  60.115 
reguirements,  thereby  resolving  Issue  1.1 
(8.3.5.13) . 


The  logic  of  issue  resolution  is  diagrammed  in  considerable  detail  in 
Figures  8.3.5.13-6A  through  8.3.5.13-6G.  The  list  and  logic  diagrams  comple- 
ment one  another  and  both  are  shown  in  enough  detail  to  be  self-explanatory. 
Most  of  the  elements,  processes,  and  factors  that  appear  in  the  list  and 
logic  diagrams  are  defined  and  explained  in  Part  1  (Methods  for  constructing 
a  CCDF)  and  Part  2  (A  preliminary  selection  of  events,  processes,  and 
scenario  classes  for  the  Yucca  Mountain  repository  site)  of  this  overview. 

Interrelationships  of  information  needs 

Sections  8.3.5.13.2  through  8.3.5.13.5  address  the  information  and  tasks 
needed  to  complete  the  nine-step  program.  Section  8.3.5.13.2  (Information 
Need  1.1.2)  covers  the  reguired  information  and  activities  for  step  5,  the 
construction  of  scenario-class  models.   Section  8.3.5.13.4  (Information  Need 
1.1.4)  covers  reguired  information  and  activities  for  step  6,  the  screening 
of  scenario  classes  on  the  basis  of  consequences,  and  for  the  process  of 
constructing  the  simplified  scenario-class  models  to  be  used  in  completing 
steps  7  and  8.   Finally,  Section  8.3.5.13.5  (Information  Need  1.1.5) 
addresses  construction  of  the  total-system  simulator  (step  7)  and  the 
empirical  CCDF  (step  8) .  The  activities  and  schedules  necessary  for  the 
preparation  of  licensing  material  (step  9)  are  also  addressed  in  Section 
8.3.5.13.5.   Section  8.3.5.13.1  (Information  Need  1.1.1)  is  a  summary  of  all 
data  and  information  called  for  in  Information  Needs  1.1.2  (8.3.5.13.2) 
through  1.1.5  (8.3.5. 13 .5) . 
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performance) 
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logic  diagram  for  Issue  1.1,  total  system  performance) 
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The  schedule  information  for  Issue  1.1  (total  system  performance)  is 
presented  in  Section  8.3.5.13.6. 


8.3.5.13.1  Information  Need  1.1.1:   Site  information  needed  to  calculate 
releases  to  the  accessible  environment 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Section  8.3.5.13  discusses  the  complementary  cumulative  distribution 
function  (CCDF)  and  significant  processes  and  events,  summarizes  the  issue 
resolution  strategy,  and  discusses  the  performance  allocation  for  Issue  1.1. 
Applicable  support  documents  include  Ross  (1986)  (scenario  selection) , 
Klavetter  and  Peters  (1986),  and  Wilson  and  Dudley  (1987)  (flow  and  transport 
through  porous,  fractured  rock) . 

Parameters 

All  information  and  data  reguested  in  this  information  need  are  speci- 
fied in  Tables  8.3.5.13-8  through  8.3.5.13-17  and  discussed  in  the  text  of 
the  preliminary  performance  allocation. 

Planned  performance  assessment  activities 

No  performance  assessment  activities  are  planned. 


8.3.5.13.1.1  Application  of  results 

Site  information  needed  to  calculate  releases  to  the  accessible  envir- 
onment will  be  used  in  Information  Needs  1.1.2  through  1.1.5. 


8.3.5.13.2  Information  Need  1.1.2:  A  set  of  potentially  significant  release 
scenario  classes  that  address  all  events  and  processes  that  may 
affect  the  geologic  repository 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Section  8.3.5.13  discusses  the  interpretation  of  significant  processes 
and  events  and  disruptive  scenarios  for  the  Yucca  Mountain  repository  site. 
In  Table  8.3.5.13-18,  Step  3  describes  the  identification  of  potentially 
disruptive  scenarios  and  Step  4  describes  the  identification  of  scenario 
classes.  Applicable  supporting  documents  include  DOE  (1986a, b)  and  Ross 
(1987)  (preliminary  identification  of  release  scenarios) . 
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Parameters 

The  parameters  for  this  information  need  are 

1.  Information  and  data  on,  and  interpretations  of,  site-specific 
phenomena  from  the  Yucca  Mountain  Project  environmental  assessment 
(DOE,  1986b)  and  its  supporting  references  and  documents. 

2.  Data  and  interpretive  information  to  be  supplied  through  the  ful- 
fillment of  other  performance  and  characterization  issues.   See 
Tables  8.3.5.13-9  through  8.3.5.13-17  for  performance  and  supporting 
parameters. 

Logic 

All  data  and  interpretive  information  arising  from  the  resolution  of  the 
Yucca  Mountain  Project  site  characterization  program  are  potentially  relevant 
to  the  identification  of  release-scenario  classes  at  the  Yucca  Mountain 
repository  site.   But  in  advance  of  obtaining  these  data,  and  for  the  purpose 
of  guiding  site  characterization  activities,  one  must  proceed  with  scenario 
identification  using  the  data  and  knowledge  bases  established  during  the  pre- 
paration of  the  Yucca  Mountain  Project  environmental  assessment  (DOE,  1986b) . 
On  the  other  hand,  once  site  characterization  work  is  well  advanced,  the 
interpretations  and  decisions  originally  considered  for  the  purpose  of  initi- 
ally guiding  site  characterization  activities  must  be  reexamined  in  the  light 
of  new  data  and  information.  Accordingly,  there  are  two  phases  of  work  to- 
ward fulfilling  this  information  need:   (1)  a  preliminary  phase,  in  which 
current  data  and  interpretive  information  are  used  to  construct  potentially 
significant  release  scenario  classes,  and  (2)  a  final  phase,  during  which  the 
preliminary  scenario  classes  are  modified,  supplemented,  dropped  from  con- 
sideration, or  reconsidered  if  they  had  been  previously  dropped  but  warrant  a 
second  examination  on  the  basis  of  new  evidence.   The  logic  of  phase  1  is 
described  in  the  following  paragraph. 

In  the  preliminary  phase,  the  phenomena  identified  in  the  environmental 
assessment  as  being  significant  at  the  Yucca  Mountain  site  are  compared  with 
generic  lists  of  world-wide  natural  processes,  events,  or  conditions  that 
have  been  thought  to  influence  the  long-term  performance  of  geologic  waste 
disposal  systems  (for  examples  of  such  lists  see  Table  2.3.1  in  Campbell 
et  al.  (1978);  or  IAEA  (1983a)).   Those  natural  processes  or  events  in  the 
generic  lists  that  are  either  manifestly  irrelevant  to  the  context  of  the 
Yucca  Mountain  site  (e.g.,  sea-level  rise  and  glaciation)  or  have  had 
demonstrably  minor  effects  on  site  characteristics  during  the  Quaternary 
(e.g.,  meteorites,  hurricanes,  and  root  penetration)  are  eliminated  as  poten- 
tial ingredients  of  disruptive  scenarios.   In  a  similar  fashion,  features  of 
the  site  and  the  repository  design,  and  available  estimates  of  the  effects  of 
repository  excavation  and  waste  emplacement  on  site  characteristics  are 
compared  with  anthropogenic  processes  and  events  in  the  generic  lists  and 
sliminated  as  being  either  irrelevant  (e%g.,  brine-bubble  migration)  or 
insignificant.   This  elimination  process  leaves  a  set  of  natural  and  anthro- 
pogenic processes  and  events  that,  in  the  absence  of  further  information,  may 
3e  considered  to  play  roles  in  changing  the  nominal  performance  of  the  total 
system  (e.g.,  climatic  change,  seismic  events,  volcanic  activity,  erosion, 
iissolution  of  the  host  rock,  undetected  geologic  features  such  as  mineral 
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resources  near  the  site,  subsidence,  and  permanent  thermal  changes  in  rock 
hydrologic  and  geochemical  properties) . 

The  processes  and  events  that  are  determined  to  play  potential  roles  in 
release  scenarios  are  then  subjectively  arranged  in  series,  and  an  attempt  is 
made  to  discover  the  effects  of  realization  of  each  series  on  the  performance 
of  one  or  more  of  the  isolation  barriers  for  the  total  system.   This  part  of 
the  analysis  is  necessarily  subjective  because  the  number  of  series  formed  in 
this  way  could  be  astronomical  if  the  intuition  and  knowledge  of  the  analyst 
is  not  applied  to  reduce  the  number  of  possibilities  to  a  manageable  size. 
Two  nonsubjective  principles  may,  however,  be  used  at  this  point  to  guide  the 
formation  of  the  series:   (1)  the  principle  of  causality  (i.e.,  certain 
chains  of  events  and  processes  are  not  possible  because  one  or  more  event  or 
process  upstream  in  the  chain  is  logically  antecedent  to  others  downstream  in 
the  chain)  and  (2)  the  fact  that  long  series  of  events  or  processes  are 
unlikely  to  be  realized  in  the  10,000-yr  period  being  considered  (e.g., 
events  with  even  a  modest  probability — chances  of  0.1  or  less  in  a  10,000-yr 
period — will  compose  an  unlikely  series  if  there  are  more  than  four  of  them 
in  a  serial  chain) .   In  addition,  certain  short  series  of  events  may  be 
eliminated  on  the  basis  of  probability  at  this  point  if  there  is  sufficient 
evidence  that  the  initiating  event  or  guiding  process  is  improbable  (in  the 
sense  of  not  exceeding  the  0.0001  cutoff  probability  threshold  in  10,000  yr) . 
Using  the  kinds  of  reasoning  and  analyses  indicated  previously,  Ross  (1987) 
has  identified  84  series  of  events  and  processes  that  could  cause  or  influ- 
ence releases  of  radioactivity  to  the  accessible  environment  that  have  the 
potential  of  adding  to  nominal-case  releases. 

As  seen  from  Ross  (1987),  the  results  of  the  kinds  of  analyses  previ- 
ously indicated  is  a  large  but  finite  number  of  sequences  of  events  and 
processes  that  must  be  further  organized  into  scenario  classes  to  efficiently 
begin  construction  of  the  mathematical  models  of  those  classes.  In  turn,  the 
mathematical  representations  of  the  scenario  classes  are  necessary  to  deter- 
mine each  class's  consequences  and  also  to  enable  screening  of  each  class 
against  relative  consequences.  A  preliminary  organization  of  scenario 
classes  is  shown  in  Table  8.3.5.13-3. 


8.3.5.13.2.1  Performance  Assessment  Activity  1.1.2.1:  Preliminary  identifi- 
cation of  potentially  significant  release  scenario  classes 

The  objective  of  this  performance  assessment  activity  is  to  prelimi- 
narily identify  significant  release  scenario  classes  for  the  purpose  of 
determining  data  and  informational  needs  that  must  be  supplied  by  the  Yucca 
Mountain  Project  site  characterization  program.  This  activity  includes  two 
subactivities. 


8.3.5.13.2.1.1  Subactivity  1.1.2.1.1:  Preliminary  identification  of  poten- 
tially significant  sequences  of  events  and  processes  at  the 
Yucca  Mountain  repository  site 
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Objectives 

The  objective  of  this  subactivity  is  to  identify  a  set  of  causally 
related,  apparently  probable  sequences  of  events  and  processes,  any  member  of 
which,  if  realized,  could  cause  or  influence  releases  of  radioactivity  to  the 
accessible  environment  at  the  Yucca  Mountain  site  in  excess  of  nominal-case 
releases . 

Parameters 

See  the  general  parameters  listed  previously  for  Information  Need  1.1.2. 

Description 

See  the  general  logic  discussion  given  previously  for  Information 
Need  1.1.2. 


8.3.5.13.2.1.2  Subactivity  1.1.2.1.2:   Preliminary  identification  of 
potentially  significant  release  scenario  classes 

Objectives 

The  objective  of  this  subactivity  is  to  preliminarily  identify  a  set  of 
significant  release  scenario  classes  for  the  purpose  of  determining  data  and 
informational  needs  that  must  be  supplied  by  the  Yucca  Mountain  Project  site 
characterization  program. 

Parameters 

The  parameters  for  this  subactivity  are  the  sequences  of  events  and 
processes  identified  in  Subactivity  1.1.2.1.1  plus  the  information,  data, 
interpretations,  and  calculational  models  related  to  site-specific  phenomena 
from  the  Yucca  Mountain  Project  EA  (DOE,  1986b)  and  its  supporting  documents, 

Description 

This  subactivity  has  been  completed,  and  the  results  are  summarized  in 
the  section  on  approach  to  resolving  this  issue. 


8.3.5.13.2.2  Performance  Assessment  Activity  1.1.2.2:  Final  selection  of 
significant  release  scenario  classes  to  be  used  in  licensing 
assessments 

Objectives 

The  objective  of  this  performance  assessment  activity  is  to  use  data  and 
,  information  obtained  in  the  Yucca  Mountain  Project  site  characterization 
;  program  to  modify,  if  necessary,  the  set  of  significant  release  scenario 
classes  developed  in  Activity  1.1.2.1  and  in  the  preliminary  phases  of  work 
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fulfilling  Information  Needs  1.1.3  and  1.1.4  (Sections  8.3.5.13.3  and 
8.3.5.13.4)  . 

Parameters 

All  data  and  information  that  could  arise  during  the  site  characteriza- 
tion program  are  potential  parameters.   The  tables  in  the  introductory 
material  of  this  section  give  the  reguested  data  and  information. 

Description 

Only  examples  of  possible  study  topics  can  be  given.  Work  in  fulfill- 
ment of  Information  Need  1.5.4  (Section  8.3.5.10.4)  may  show  that  release 
rates  of  radionuclides  from  the  engineered  barrier  system  are  orders  of 
magnitude  less  than  the  regulatory  rate  under  unanticipated  conditions  in  the 
repository.  In  such  a  case,  certain  scenario  classes  in  Table  8.3.5.13-3 
would  be  screened  again  and  possibly  eliminated.  Work  in  fulfillment  of 
Information  Need  1.1.3  (Section  8.3.5.13.3)  and  Investigation  8.3.1.5.2  may 
indirectly  indicate  that  delay  times  for  climatic  infiltration  pulses  are 
long  compared  with  10,000  yr.   In  such  a  case,  certain  scenarios  in  class  C-l 
in  Table  8.3.5.13-3  could  be  dropped  from  consideration.   Similarly,  two- 
dimensional  calculations  of  transient  flow  in  faulted  zones,  when  combined 
with  predictions  of  the  effects  of  tectonic  activity  on  hydrologic  character- 
istics (from  Investigation  8.3.1.8.3),  may  indicate  that  certain  scenarios  in 
class  C-3  in  Table  8.3.5.13-3  can  be  dropped.  On  the  other  hand,  the  devel- 
opment of  evidence  that  colloids  play  a  significant  role  in  radionuclide 
transport  (in  fulfillment  of  Investigation  8.3.1.3.5)  could  force  a  modifica- 
tion of  the  transport  equations  used  to  screen  scenario  classes  in  Informa- 
tion Need  1.1.3  (Section  8.3.5.13.3),  and  a  reassessment  of  all  scenario 
classes  involving  releases  along  the  water  pathways.  Finally,  the  develop- 
ment of  evidence  for  future,  inadvertent  human  activity  on  or  near  the  site 
may  lead  to  the  reconsideration  or  augmentation  of  the  direct-release 
scenario  classes  such  as  Class  A-2  in  Table  8.3.5.13-3. 


8.3.5.13.2.3  Application  of  results 

The  preliminary  phase  of  work  addressing  this  information  need  will  be 
used  to  guide  the  construction  of  the  mathematical  models  of  scenario 
classes  during  the  partial  fulfillment  of  Information  Need  1.1.3  (Section 
8.3.5.13.3).  The  tasks  of  showing  that  certain  conditions  mentioned  in 
10  CFR  60.122  and  10  CFR  960.4  (i.e.,  erosion  and  rock  dissolution)  are 
neither  favorable  or  unfavorable  at  the  Yucca  Mountain  site  are  also  regarded 
as  part  of  the  preliminary  phase  of  work  in  conjunction  with  the  preliminary 
phase  of  work  addressing  Information  Need  1.1.3. 

The  final  phase  of  work  addressing  this  information  need  will  be  used  in 
conjunction  with  the  final  phase  of  Information  Need  1.1.3  to  modify  the  set 
of  scenario-class  models  (if  necessary)  that  must  be  simplified  and  made 
numerically  efficient  in  work  toward  fulfillment  of  Information  Need  1.1.4 
(Section  8.3.5.13.4) . 
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8.3.5.13.3  Information  Need  1.1.3:   Calculational  models  for  predicting 

releases  to  the  accessible  environment  attending  realizations  of 
the  potentially  significant  release-scenario  classes 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  introductory  discussion  of  Section  8.3.5.13  develops  disruptive 
scenarios  for  the  Yucca  Mountain  repository  site  and  addresses  the  topics  of 
gas-phase  releases  and  calculation  of  releases  through  the  water  pathways. 
In  Table  8.3.5.13-18,  Step  5  discusses  the  construction  of  scenario-class 
models.   The  supporting  documents  are  DOE  (1986b),  Sinnock  et  al.  (1986) 
(calculational  models  used  in  Section  6.4.2  of  the  Yucca  Mountain  Project 
environmental  assessment) ,  and  Wilson  and  Dudley  (1987) . 

Parameters 

The  parameters  of  this  information  need  are 

1.  The  release-scenario  classes  identified  in  the  preliminary  phase  of 
work  fulfilling  Information  Need  1.1.2  (Section  8.3.5.13.2). 

2.  The  same  rock  hydrologic  properties  that  are  needed  to  resolve  the 
ground-water  travel  time  issue  (Information  Need  1.6.1,  Section 
8.3.5.12.1),  but  extended  to  include  rock  hydrologic  properties  for 
overburden  units.   See  Tables  8.3.5.13-9  and  8.3.5.13-17  and 
parameters  for  Information  Need  1.6.1  and  Investigations  8.3.1.2.2 
and  8.3.1.2.3. 

3.  Data  and  interpretive  information  concerning  rock  and  ground-water 
geochemical  properties,  with  emphasis  on  the  properties  of  rock 
units  and  ground  water  below  the  repository  horizon;  also,  the 
effective  retardation  of  carbon  dioxide  by  isotopic  exchange  with 
ground  water  in  the  overburden  units  of  the  unsaturated  zone.   See 
Tables  8.3.5.13-9  and  8.3.5.13-17  and  parameters  from  Investigations 
8.3.1.3.4,  8.3.1.3.5,  8.3.1.3.7,  and  8.3.1.3.8. 

4.  Definition  of  the  boundary  of  the  engineered  barrier  system,  and 
release  rates  of  radionuclides  from  the  engineered  barrier  system 
for  nominal  and  disturbed  conditions  in  the  repository.   See  Tables 
8.3.5.13-9  and  8.3.5.13-17  and  parameters  from  Information  Need 
1.5.4  (Section  8.3.5.10)  . 

5.  Preliminary  estimates  of  the  kind  and  nature  of  human-intrusion  and 
magmatic-intrusion  events.   See  Tables  8.3.5.13-10  and  8.3.5.13-11 
and  parameters  from  Investigations  8.3.1.8.3  through  8.3.1.8.5  and 
8.3.1.9.3. 
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6.  Calculational  models  of  transient  flow  in  the  unsaturated  and 
saturated  zones  capable  of  predicting  time-dependent  specific 
discharge  in  at  least  two  dimensions.   See  the  introductory  material 
to  this  section  and  parameters  from  Information  Need  1.6.2  (Section 
8.3.5.12.2)  . 

7.  Calculational  models  of  transport  of  dissolved  species  in  the  unsat- 
urated and  saturated  zones  capable  of  predicting  time-dependent 
mass-flux  fields  in  at  least  two  dimensions.   See  the  introductory- 
material  to  this  section  and  parameters  from  Investigation 
8.3.1.3.7. 

8.  Final  conceptual  models  of  the  unsaturated  and  saturated  zone 
hydrologic  systems.   See  the  introductory  material  to  this  section 
and  parameters  from  Investigations  8.3.1.2.1,  8.3.1.2.2,  and 
8.3.1.2.3. 

9.  Final  conceptual  models  of  the  unsaturated  and  saturated  zone 
geochemical  systems,  including  geochemical  effects  on  gas-phase 
transport.   See  the  introductory  material  to  this  section  and 
parameters  from  Investigations  8.3.1.3.7  and  8.3.1.3.8. 

Logic 

The  release-scenario  classes  identified  in  the  preliminary  phase  of  work 
fulfilling  Information  Need  1.1.2  (item  1  in  parameter  list)  are  listed  in 
Table  8.3.5.13-3.  Mathematical  models  of  these  release-scenario  classes  are 
the  product  of  this  information  need.  The  models  are  needed  (1)  to  screen 
the  scenario  classes  against  conseguences,  and  (2)  provided  that  the  scenario 
class  survives  screening  against  conseguences,  to  serve  as  a  basis  for  con- 
structing the  simplified  mathematical  models  reguired  for  the  construction  of 
the  complementary  cumulative  distribution  function  (CCDF)  in  fulfillment  of 
Information  Need  1.1.5  (Section  8.3.5.13.5).   The  screening  of  scenario-class 
models  against  relative  conseguences,  and  the  construction  of  simplified 
scenario-class  models  based  on  the  preliminary  models  developed  in  this 
information  need,  are  studies  to  be  conducted  in  Information  Need  1.1.4 
(Section  8.3.5.13.4).  There  are  two  phases  of  work  toward  the  construction 
of  scenario-class  models:   (1)  a  preliminary  phase  in  which  current  data  and 
interpretive  information  are  used  to  build  and  test  the  models,  and  (2)  a 
final  phase  in  which  data  and  interpretive  information  arising  out  of  the 
site  characterization  program  are  used  to  justify  modifications  or  replace- 
ments of  existing  models,  or  the  construction  of  entirely  new  models.  The 
logic  of  phase  1  is  emphasized  in  the  discussion  that  follows. 

As  shown  by  the  grouping  of  release-scenario  classes  in  Table 
8.3.5.13-3,  at  least  four  distinct  kinds  of  models  are  needed  to  calculate 
releases  to  the  accessible  environment:   (1)  those  that  predict  radionuclide 
releases  along  water  pathways,  (2)  those  that  predict  gas-phase  radionuclide 
releases,  (3)  those  that  predict  releases  associated  with  intrusive  or 
extrusive  magmatic  events,  and  (4)  those  that  predict  direct  releases 
associated  with  inadvertent  human  intrusion  (here,  inadvertent  exploratory 
drilling  on  the  site) . 


8.3.5.13-130 


DECEMBER  1988 

Water-pathway  models.  The  Total  System  Performance  Assessment  Code 
(TOSPAC),  which  is  under  development  (Klavetter  and  Peters,  1986),  is 
currently  the  major  "workbench"  for  the  development  of  the  phenomenology  of 
water-pathway  models  that  apply  to  Yucca  Mountain  conditions.  As  implied  by 
its  name,  the  TOSPAC  is  capable  of  simulating  the  static  and  dynamic  response 
of  a  one-dimensional  conceptual  model  of  the  total  waste-disposal  system  at 
Yucca  Mountain.  This  is  done  by  the  coupling  of  three  submodels  (or 
modules) :   (1)  a  flow  module,  that  can  predict  time-dependent,  specific- 
discharge  fields  in  the  unsaturated  zone  given  surficial  infiltration  rates; 

(2)  a  source  term  module,  that  supplies  mass  flux  or  concentrations  of 
liquid-phase  radionuclides  in  the  host  rock  near  the  repository  given 
radionuclide  release  rates  from  the  engineered  barrier  system  (EBS) ;  and 

(3)  a  transport  module  that  solves  the  transport  equations  for  coupled 
matrix-fracture  flow  (see  Equations  8.3.5.13-12  to  8.3.5.13-17  in  the 
introductory  material  to  this  section)  in  the  unsaturated  zone  and  computes 
cumulative  releases  to  the  water  table,  given  the  flow  field  from  the  flow 
module  and  the  boundary  concentrations  from  the  source-term  module.   The 
TOSPAC  currently  has  no  modules  for  flow  or  transport  through  the  saturated 
zone;  these  phenomena  are  being  investigated  with  the  ISOQUAD  code  (Pinder, 
1976) . 

In  spite  of  its  limitation  to  one  dimension,  the  TOSPAC  can  still  be 
used  to  screen  some  of  the  water-pathway  release  scenarios  in  Table 
8.3.5.13-3  against  consequences.   The  code  has  already  been  used  to  show 
(1)  that  transient  flooding  from  surficial  sources  may  have  little  effect  on 
repository  performance  and  (2)  that  increases  in  fracture  density  will  have 
no  effect  on  repository  performance  in  the  absence  of  extreme  climatic 
changes.   Items  1  through  4  in  the  parameter  list  will  be  needed  to  provide  a 
rock-property  data  set  for  these  TOSPAC  calculations.   The  screening  of  some 
other  water-pathway  release  scenario  classes  in  Table  8.3.5.13-3,  namely  in 
C-l,  D-l,  and  D-2,  will  definitely  require  two-dimensional  models  of  flow  and 
transport  of  the  kind  mentioned  in  items  6  and  7  of  the  parameter  list. 
These  two-dimensional  models  will  also  be  used  to  validate  the  phenomenology 
incorporated  in  TOSPAC s  flow  and  transport  modules  (i.e.,  the  neglect  of 
horizontal  flow  paths  and  transport  along  those  paths) . 

It  is  very  likely  that  the  TOSPAC  and  the  phenomenology  that  it  contains 
will  require  substantial  modification  after  the  "ground  truth"  of  the  site 
characterization  program  is  established.   Items  8  and  9  in  the  parameter  list 
will  be  required  to  assess  the  changes  that  must  be  made  in  the  systems-level 
models. 

Models  of  gas-phase  releases.  The  significance  of  gas-phase  release  of 
carbon-14  has  only  recently  become  apparent,  and  no  models  for  transport  of 
carbon-14  dioxide  from  the  repository  through  overburden  units  have  so  far 
been  developed  within  the  Yucca  Mountain  Project.  An  adequate  general  theory 
of  carbon-14  transport  is  presented  in  the  introductory  material  to  this 
section;  however,  application  of  that  theory  to  the  Yucca  Mountain  setting 
would  seem  to  require  considerable  study  of  hydrologic,  gas-phase  hydraulic, 
and  geochemical  properties  of  the  overburden  units.   For  that  reason,  thought 
should  be  given  to  balancing  complexity  and  cost  factors  associated  with 
site  characterization  studies  with  complexity  and  cost  factors  associated 
with  engineered  barrier  system  performance  and  design,  because  these  factors 
relate  to  models  of  gas-phase,  carbon-14  releases.  The  parameters  required 
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by  systems-level  models  for  gas-phase  transport  would  include  both  the  effec- 
tive diffusivity  of  carbon  dioxide  and  the  effective  retardation  factor  for 
carbon-14  dioxide  because  of  isotopic  exchange,  each  as  a  function  of  depth 
within  the  overburden  units.   The  latter  guantity  is  reguested  in  item  3  of 
the  parameter  list.  The  effective  diffusivity  of  carbon  dioxide  might  be 
inferred  from  final  results  of  experiments  being  conducted  in  partial 
fulfillment  of  Investigation  8.3.1.2.2. 

While  the  general  model  of  carbon-14  transport  may  predict  travel  times 
shorter  than  might  be  expected  on  the  basis  of  experimental  measurements,  it 
is  judged  to  be  useful  for  present  purposes  of  identifying  parameter  needs 
because  it  tends  to  produce  conservative  results.  As  an  alternative  to  a 
full  transport  calculation,  a  simpler  systems-level  model  of  gas-phase 
releases  might  be  devised;  use  of  this  model  would  reguire  estimates  of  the 
mean  and  standard  deviation  of  residence  time  of  carbon-14  nuclei  in  the 
repository  overburden.   Either  modeling  technigue  reguires  specification  of 
the  release  rate  of  carbon-14  dioxide  from  the  engineered  barrier  system,  a 
guantity  that  is  called  for  in  item  4  of  the  parameter  list.   However,  that 
release  of  C-14  is  limited  at  the  waste  container  and  at  the  engineered 
barrier  system  boundary  to  satisfy  the  reguirements  in  10  CFR  60.113. 
Depending  on  the  containment  strategies,  including  alternatives  adapted  for 
the  waste  package,  the  C-14  source  term  for  the  total  system  may  be 
significantly  changed.  For  example,  if  all  the  fast  fraction  of  C-14  were 
released  before  waste  emplacement,  no  consideration  of  C-14  transport  would 
be  necessary  for  the  total  system  performance  assessment  in  Issue  1.1. 

Models  of  releases  through  basaltic  volcanism.  The  mathematical  model 
for  predicting  the  conseguences  of  basaltic  volcanism  developed  by  Link  et 
al.  (1982)  can  be  modified  and  used  to  estimate  cumulative  releases  to  the 
accessible  environment  attending  the  realization  of  such  events  at  Yucca 
Mountain.  The  work  by  Link  et  al.  (1982)  was  specifically  applied  to  Yucca 
Mountain,  but  the  conceptual  and  data  bases  may  be  outdated,  and  a  reguest  is 
made  for  the  most  current  concepts  and  data  in  item  5  of  the  parameter  list. 

Models  of  releases  through  human  intrusion.  A  calculation  of  an  upper 
bound  to  the  conseguences  of  inadvertent  exploratory  drilling  on  the  Yucca 
Mountain  site  during  the  next  10,000  yr  is  described  in  the  introductory 
material  to  this  section,  along  with  a  brief  discussion  of  other  types  of 
human-intrusion  scenarios  that  might  be  realized  at  that  location.  The  model 
implicit  in  the  calculation  is  easily  put  into  mathematical  terms.  The  state 
variables  for  the  model  include  (1)  the  mean  recurrence  time  between  penetra- 
tions (current  guidance  in  Appendix  B  of  40  CFR  Part  191  sets  a  limit  on  the 
penetration  rate  of  0.0003  penetrations/km2  per  yr) ,  (2)  the  depth  of  pene- 
tration (and  the  attending  probability  distribution),  and  (3)  the  diameter  of 
the  exploratory  drill  bit  (and  its  probability  distribution) .  Data  reguired 
to  implement  the  model,  and  models  of  other  potential  human-intrusion 
scenario  classes,  are  reguested  through  item  5  in  the  parameter  list. 
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8.3.5.13.3.1  Performance  Assessment  Activity  1.1.3.1:  Development  of 
mathematical  models  of  the  scenario  classes 

The  objective  of  this  performance  assessment  activity  is  to  construct 
mathematical  models  of  the  scenario  classes  developed  in  Information  Need 
1.1.3  (Section  8.3.5.13.3).   Four  subactivities  are  included  in  this 
activity.  These  subactivities  describe  the  models  to  be  developed  for  this 
activity. 


8.3.5.13.3.1.1  Subactivity  1.1.3.1.1:  Development  of  models  for  releases 
along  the  water  pathways 

Objectives 

The  objective  of  this  subactivity  is  to  produce  mathematical  models 
whose  phenomenology  is  sufficient  (1)  to  effect  a  screening  of  the  release 
scenarios  associated  with  the  water  pathways  with  respect  to  consequences  and 
(2)  to  form  an  adequate  basis  for  the  simplified  models  needed  to  fulfill 
Information  Need  1.1.5  (Section  8.3.5.13.5). 

Parameters 

The  parameters  for  this  subactivity  are  items  1  to  4  in  the  general 
parameter  list  for  Information  Need  1.1.3  and  preliminary  versions  of  the 
conceptual  models  referred  to  in  items  8  and  9  of  the  same  general  parameter 
list. 

Description 

Several  systems-level  models  of  releases  along  the  water  pathways  have 
already  been  constructed:  the  TOSPAC  (see  Klavetter  and  Peters,  1986), 
RELEASE  (Sinnock  et  al.,  1986),  and  SPARTAN  (Lin,  1985).  The  two-  and  three- 
dimensional  models  of  flow  and  transport  that  could  be  used  to  screen  scen- 
ario classes  on  the  basis  of  long  delays  for  certain  effects  are  listed  in 
Section  8.3.5.19.  The  TOSPAC  probably  will  be  sufficient  to  screen  scenario 
classes  E  and  C-2  through  C-3  (Table  8.3.5.13-3)  if  calculations  with  the 
multi-dimensional  models  show  that  lateral  flow  paths  can  be  ignored.  The 
screening  of  scenario  class  C-l  will  require  at  least  a  two-dimensional  model 
of  transient  flow  through  a  faulted  zone.   Scenario  classes  D-l  and  D-2  can 
probably  be  screened  with  the  simple  RELEASE  code  (or  modifications  of  it)  if 
saturated-zone  flow  fields  are  provided  by  the  two-dimensional  ISOQUAD  model. 
Effective  use  of  any  of  these  models  in  the  screening  of  water-pathway 
scenario  classes  will  definitely  require  better,  site-specific  conceptual  and 
data  bases.   Thus,  items  2  and  3  are  in  the  general  parameter  list. 
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8.3.5.13.3.1.2  Subactivity  1.1.3.1.2:  Development  of  a  model  for  gas-phase 
releases 

Objectives 

The  objective  of  this  subactivity  is  to  produce  a  mathematical  model 
whose  phenomenology  is  sufficient  (1)  to  effect  a  screening  of  the  release 
scenario  associated  with  the  anticipated  gas-phase  releases  and  (2)  to  form  a 
basis  for  the  simplified  model  needed  to  fulfill  Information  Need  1.1.5. 

Parameters 

The  parameters  for  this  subactivity  are  items  3  and  4  in  the  general 
parameter  list  for  Information  Need  1.1.3. 

Description 

A  systems-level  model  similar  to  the  one  described  for  water-pathway 
releases  in  the  introductory  material  to  this  section  may  be  sufficient  to 
determine  the  expected  partial  performance  measure  (EPPM)  for  anticipated 
gas-phase  releases,  and  at  the  same  time  be  simple  enough  to  use  as  a 
scenario-class  model  in  the  construction  of  the  complementary  cumulative 
distribution  function  (CCDF)  (Information  Need  1.1.5,  Section  8.3.5.13.5). 
This  subactivity  will  thus  involve  the  calibration  of  one  of  the  parameters 
of  a  system-level  model  (the  reciprocal  of  the  mean  residence  time)  with 
estimates  of  the  actual  time  for  carbon-14  dioxide  to  diffuse  from  the 
repository  level  to  the  surface  (from  item  4) .  Other  parameters  reguired  by 
the  model  are  supplied  through  item  3 . 


8.3.5.13.3.1.3  Subactivity  1.1.3.1.3:  Development  of  a  model  of  releases 
through  basaltic  volcanism 

Objectives 

The  objective  of  this  subactivity  is  to  produce  a  mathematical  model 
whose  phenomenology  is  sufficient  (1)  to  effect  a  screening  of  the  release 
scenarios  associated  with  basaltic  volcanism  and  (2)  to  form  an  adeguate 
basis  for  the  simplified  models  needed  to  fulfill  Information  Need  1.1.5 
(Section  8.3.5.13.5) . 

Parameters 

The  parameters  for  this  subactivity  are  the  model  of  basaltic  volcanism 
proposed  by  Link  et  al.  (1982)  and  the  updated  estimates  of  the  kind  and 
nature  of  magmatic-intrusion  events  at  Yucca  Mountain  (item  5  in  the  general 
parameter  list) . 

Description 

The  model  proposed  by  Link  et  al.  (1982)  will,  if  necessary,  be  modified 
to  reflect  most  recent  estimates  of  the  kind  and  nature  of  basaltic  volcanism 
to  be  expected  at  Yucca  Mountain. 
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8.3.5.13.3.1.4  Subactivity  1.1.3.1.4:  Development  of  a  model  of  releases 
through  human  intrusion 

Objectives 

The  objective  of  this  subactivity  is  to  -produce  mathematical  models 
whose  phenomenology  is  sufficient  (1)  to  effect  a  screening  of  the  release 
scenarios  associated  with  inadvertent  human  intrusion  and  (2)  to  form  an 
adequate  basis  for  the  simplified  models  needed  to  fulfill  Information  Need 
1.1.5  (Section  8.3.5.13.5)  . 

Parameters 

The  parameters  of  this  subactivity  are  the  model  of  releases  through 
inadvertent  exploratory  drilling  presented  in  Section  8.3.5.13  and  the 
preliminary  and  final  assessments  of  the  nature  of  future  human  intrusion 
events  at  the  Yucca  Mountain  repository  site  (item  5  in  general  parameter 
list)  . 

Description 

The  model  of  releases  through  exploratory  drilling  presented  in  the 
introductory  material  to  this  section  will  be  put  into  mathematical  terms. 
Depending  upon  the  outcome  of  the  preliminary  assessments  of  potential 
human-intrusion  events,  new  conceptual  models  may  have  to  be  developed  and 
put  into  mathematical  terms. 


8.3.5.13.3.2  Application  of  results 

The  mathematical  models  developed  in  Activity  1.1.3.1  and  their  support- 
ing data  bases  will  be  used  in  a  study  associated  with  Information  Need  1.1.4 
(Section  8.3.5.13.4)  to  screen  the  release-scenario  classes  in  Table 
8.3.5.13-3  against  relative  consequences.   They  must  also  form  the  basis  for 
activities  directed  toward  model  simplification  in  Information  Need  1.1.4, 
provided  that  the  scenario  class  is  to  be  included  in  calculations  of  the 
complementary  cumulative  distribution  function  (CCDF) . 


5.3. 5. 13. 4  Information  Need  1.1.4:  Determination  of  the  radionuclide 
releases  to  the  accessible  environment  associated  with 
realizations  of  potentially  significant  release  scenario  classes 

'echnical  basis  for  addressing  the  information  need 

..ink  to  the  technical  data  chapters  and  applicable  support  documents 

The  introductory  material  to  this  section  addresses  the  interpretation 
<f  "significant  processes  and  events."  In  Table  8.3.5.13-18,  Step  6 
( iscusses  the  screening  of  scenario  classes  on  the  basis  of  relative  conse- 
quences.  The  supporting  documents  are  DOE  (1986b),  Sinnock  et  al.  (1986), 
i«nd  Barr  and  Miller  (1987)  . 
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Parameters 

The  parameters  of  this  information  need  are  the  mathematical  models  of 
the  release  scenario  classes  that  were  developed  in  Activity  1.1.3.1  (Section 
8.3.5.13.3.1)  under  Information  Need  1.1.3  and  their  supporting  data  bases. 

Logic 

The  goals  of  the  work  fulfilling  this  information  need  are  twofold: 
(1)  a  screening  of  the  release  scenario  classes  in  Table  8.3.5.13-3  (and 
other  classes  that  may  be  proposed  during  the  site  characterization  program) 
against  the  criterion  of  relative  consequences,  and  (2)  a  set  of  simplified 
mathematical  models  of  those  release-scenario  classes  that  survive  the 
screening  process.   In  simple  terms,  the  release-scenario  classes  that  sur- 
vive the  screening  process  will  be  those  release-scenario  classes  that  will 
provide  the  major  contribution  to  the  empirical  complementary  cumulative 
distribution  function  (CCDF)  to  be  constructed  during  activities  fulfilling 
Information  Need  1.1.5  (Section  8.3.5.13.5).  As  is  explained  in  the  logic 
section  of  Information  Need  1.1.3  (Section  8.3.5.13.3),  there  are  necessarily 
two  phases  of  work  fulfilling  the  need:  a  preliminary  and  a  final.   There  are 
also  at  least  four  distinct  kinds  of  models  that  need  to  be  considered  in  the 
preliminary  phase  of  work. 

To  meet  goal  1  in  the  preliminary  phase,  computer-implemented  versions 
of  the  models  developed  in  fulfillment  of  Information  Need  1.1.3  (Section 
8.3.5.13.3)  will  be  used  to  simulate  the  general  consequences  of  realizations 
of  members  of  the  scenario  classes  in  Table  8.3.5.13-3,  and  the  results  of 
these  simulations  will  be  compared.  The  comparisons  will  show  which  (if  any) 
of  the  scenario-class  members  may  temporarily  be  dropped  from  consideration. 
The  work  toward  meeting  goal  2  in  the  preliminary  phase  will  then  focus  upon 
the  models  of  the  scenario  classes  that  survive  these  comparative  studies. 
Work  toward  meeting  goal  1  in  the  final  phase  will  proceed  in  a  similar 
fashion,  except  that  the  modified  or  entirely  new  models  produced  in  the 
final  phase  of  work  fulfilling  Information  Need  1.1.3  (if  any)  and  final  data 
bases  developed  in  site  characterization  work  will  be  used  in  making  the 
comparisons. 

The  procedures  that  may  be  used  to  turn  a  complex  mathematical  model 
into  a  simple  one  representing  the  same  phenomenology  (i.e.,  one  that  meets 
goal  2)  are  best  described  in  a  model-specific  context.  All  such  procedures 
could  probably  be  lumped  under  the  title  of  "sensitivity  studies";  but  the 
reader  should  recognize  that  there  are  at  least  two  kinds  of  model  sensitiv- 
ity:  (1)  sensitivity  of  model  output  to  the  kinds  and  manner  of  representa- 
tion of  physical  phenomena  incorporated  in  the  model  and  (2)  the  sensitivity 
of  model  output  to  variations  in  the  model's  input  variables.  Model  simpli- 
fication is  primarily  concerned  with  the  first  kind  of  sensitivity.  A  mathe- 
matical model  may  initially  include  kinds  and  representations  of  physical 
phenomenon  that  later  prove  inessential.  These  phenomena  can  be  deleted  from 
the  model,  thereby  effecting  a  simplification  and  increasing  computational 
efficiency.   In  the  studies  fulfilling  this  information  need,  sensitivity  of 
the  second  kind  will  generally  not  be  investigated;  uncertainties  in  the 
model  input  variables  will  be  taken  into  account  by  including  them  in  the 
construction  of  the  joint  probability  distribution  of  the  model's  state 
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variables  (i.e.,  input  parameters)  an  activity  conducted  in  fulfillment  of 
Information  Need  1.1.5  (Section  8.3.5.13.5). 


8.3.5.13.4.1  Performance  Assessment  Activity  1.1.4.1:   The  screening  of 

potentially  significant  scenario  classes  against  the  criterion 
of  relative  conseguences 

The  objective  of  this  performance  assessment  activity  is  to  identify  the 
set  of  scenario  classes  representing  the  significant  events  and  processes 
mentioned  in  proposed  10  CFR  60.112  and  60.115.  Two  subactivities  are 
included  in  this  activity. 


8.3.5.13.4.1.1  Subactivity  1.1.4.1.1:  The  screening  of  the  preliminary 
scenario  classes 

Objectives 

The  objective  of  this  subactivity  is  to  identify  those  scenario  classes 
among  the  members  of  the  preliminary  set  (Table  8.3.5.13-3)  whose  conse- 
guences of  realization  are  not  significantly  different  from  nominal-class 
conseguences,  and  therefore  may  be  temporarily  dropped  from  consideration. 

Parameters 

See  the  general  parameter  list  for  Information  Need  1.1.4. 

Description 

See  the  general  logic  and  descriptions  of  Subactivities  1.1.3.1.1 
through  1.1.3.1.4  listed  in  Section  8.3.5.13.3.1. 


8.3.5.13.4.1.2  Subactivity  1.1.4.1.2:  A  final  screening  of  scenario  classes 

Objectives 

The  objective  of  this  subactivity  is  to  identify  the  final  scenario 
classes  to  be  used  in  constructing  the  empirical  complementary  cumulative 
distribution  function  (CCDF)  during  fulfillment  of  Information  Need  1.1.5 
(Section  8.3.5.13.5) . 

Parameters 

The  parameters  for  this  subactivity  are  a  modified  and  an  amended  set  of 
mathematical  models  produced  in  the  final  phase  of  Subactivities  1.1.3.1.1  to 
1.1.3.1.4,  plus  amended  data  bases  from  site  characterization  work. 
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Description 

See  the  remarks  on  the  final  phase  in  the  general  logic  section  for  this 
information  need. 


8.3.5.13.4.2  Performance  Assessment  Activity  1.1.4.2:   The  provision  of 
simplified,  computationally  efficient  models  of  the  final 
scenario  classes  representing  the  significant  processes  and 
events  mentioned  in  proposed  10  CFR  60.112  and  60.115 

The  objective  of  this  performance  assessment  activity  is  to  provide  the 
simplified,  computationally  efficient  models  of  the  final  scenario  classes 
representing  the  significant  processes  and  events  mentioned  in  proposed 
10  CFR  60.112  and  60.115.  Two  subactivities  are  included  in  this  activity. 


8.3.5.13.4.2.1  Subactivity  1.1.4.2.1:   Preliminary  development  of  simpli- 
fied, computationally  efficient  scenario-class  models 

Objectives 

The  objective  of  this  subactivity  is  to  construct,  as  necessary,  simple 
computationally  efficient  versions  of  the  scenario-class  models  developed 
during  the  Subactivities  1.1.3.1.1  to  1.1.3.1.4  listed  in  Section 
8.3.5.13.3.1. 

Parameters 

The  parameters  for  this  subactivity  are  the  mathematical  models  devel- 
oped in  Activity  1.1.3.1  of  Information  Need  1.1.3. 

Description 

The  activities  to  be  conducted  depend  upon  which  of  the  scenario  classes 
survive  screening  in  Subactivity  1.1.4.1.1.   If  classes  E,  C-2,  or  C-3  in 
Table  8.3.5.13-3  survive,  the  phenomenology  of  the  existing  TOSPAC  (in 
development,  but  see  Klavetter  and  Peters,  1986)  may  be  amenable  to  simplifi- 
cations that  preserve  the  code's  ability  to  represent  the  essential  events 
and  processes  of  any  one  of  these  classes  that  survive.  Simplified, 
exploratory  versions  of  the  TOSPAC  have  already  been  tried.   See,  for 
instance,  the  RELEASE  model  in  Sinnock  et  al.  (1986)  or  the  systems-level 
model  proposed  in  Section  8.3.5.13.   These  exploratory  versions  of  TOSPAC  may 
also  be  used  to  represent  classes  C-2  or  C-3  in  Table  8.3.5.13-3  if  these 
classes  survive  a  preliminary  screening.   The  models  currently  proposed  for 
the  screening  of  the  expected-case,  gas-phase  releases  (part  of  scenario 
class  E)  and  the  direct  releases  (scenario  classes  A-l  and  A-2),  are  being 
developed. 
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8.3.5.13.4.2.2  Subactivity  1.1.4.2.2:   Development  of  the  final,  computa- 
tionally efficient  models  of  the  scenario  classes  that  will 
be  used  to  represent  all  significant  processes  and  events  in 
the  simulation  of  the  total  system 

Objectives 

The  objective  of  this  subactivity  is  to  develop  the  final,  computation- 
ally efficient  models  of  the  scenario  classes  that  will  be  used  to  represent 
the  simulation  of  the  total  system. 

Parameters 

The  parameters  for  this  subactivity  are  the  scenario  classes  that 
survive  the  final  screening  of  Subactivity  1.1.4.1.1  and  the  techniques  and 
insight  established  in  Subactivity  1.1.4.2.1. 

Description 

See  the  remarks  on  final  phase  of  work  in  the  general  logic  section  of 
this  information  need. 


8.3.5.13.4.3  Application  of  results 

The  set  of  final,  computationally  efficient  models  developed  in  Activity 
1.1.4.2  and  their  supporting  data  bases  will  be  used  in  the  construction  of 
the  total-system  simulator,  and  calculations  of  an  empirical  complementary 
cumulative  distribution  function  (CCDF)  with  that  simulator,  as  described  in 
activities  of  Information  Need  1.1.5  (Section  8.3.5.13.5). 


8.3.5.13.5  Information  Need  1.1.5:   Probabilistic  estimates  of  the  radionu- 
clide releases  to  the  accessible  environment  considering  all 
significant  release  scenarios 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

Section  8.3.5.13  discusses  the  regulatory  basis  for  the  issue  and  the 
construction  of  the  complementary  cumulative  distribution  functions  (CCDFs) . 
In  Table  8.3.5.13-18,  Step  7  discusses  the  construction  of  a  total  system 
simulator  and  Step  8  discusses  the  construction  of  an  empirical  CCDF. 

Parameters 

The  parameters  for  this  information  need  are 

1.   Simplified  versions  of  the  mathematical  models  of  the  significant 
scenario  classes  (from  Information  Need  1.1.4,  Section  8.3.5.13.4). 
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Statistical  data  and  interpretive  information  sufficient  to  con- 
struct the  joint  probability  distribution  for  the  set  of  state 
variables  that  describes  all  necessary  state  variables  in  the 
simplified  mathematical  models  of  the  significant  scenario  classes 
See  the  introductory  material  to  this  section  and  parameters  from 
Tables  8.3.5.13-9  through  8.3.5.13-17. 


Logic 


The  simplified  mathematical  models  provided  through  fulfillment  of 
Information  Need  1.1.4  (Section  8.3.5.13.4)  will  be  implemented  by  efficient 
computer  codes  that  are  then  combined  in  a  single  calculational  model  under 
the  control  of  a  driver  routine.   The  driver  routine  will  (1)  provide  values 
for  state  variables  for  all  submodels  through  Monte  Carlo  sampling  from  the 
joint  distribution  of  the  state  variables,  (2)  direct  a  calculation  of  the 
partial  performance  measure  for  each  submodel,  and  (3)  sum  the  resulting 
partial  performance  measures  for  each  submodel  to  obtain  a  sample  value  of 
the  total  system  performance  measure.   By  repeatedly  sampling  in  this  way,  a 
large  number  of  samples  can  be  generated  and  used  to  construct  an  empirical 
complementary  cumulative  distribution  function  or  as  a  data  set  to  which 
standard  statistical  methods  for  estimating  likelihoods  with  given  confidence 
bounds  may  be  applied. 

The  joint  distribution  of  state  variables  will  be  constructed  using 
judgment  guided  by  the  site-specific  statistical  data  and  interpretive 
information  mentioned  in  the  foregoing  parameter  list. 


8.3.5.13.5.1  Performance  Assessment  Activity  1.1.5.1:  Calculation  of  an 
empirical  complementary  cumulative  distribution  function 

Objectives 

The  objective  of  this  performance  assessment  activity  is  to  construct  an 
efficient,  total-system  simulator  that  is  capable  of  providing  probabilistic 
estimates  of  radionuclide  releases  to  the  accessible  environment,  under  both 
nominal  and  disturbed  conditions,  for  10,000  yr  after  closure.  Three  sub- 
activities  are  included  in  this  activity. 


8.3.5.13.5.1.1  Subactivity  1.1.5.1.1:  Construction  of  the  total-system 
simulator 

Objectives 

The  objective  of  this  subactivity  is  to  construct  an  efficient,  total- 
system  simulator. 
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Parameters 

The  parameters  for  this  subactivity  are  efficient,  computer-implemented 
mathematical  models  of  significant  scenario  classes  (see  Information  Need 
1.1.4,  Section  8.3.5.13.4)  and  a  synthetic  joint  probability  distribution  for 
the  state  variables  in  all  submodels  sufficient  for  testing  the  operation  of 
the  total-system  simulator. 

Description 

A  driver  routine  will  be  constructed  and  tested,  using  submodels  and 
synthetic  joint  probability  distribution.  Available  variance-reduction 
techniques  will  be  applied,  and  the  technique  most  efficient  for  total-system 
simulation  will  be  determined. 


8.3.5.13.5.1.2  Subactivity  1.1.5.1.2:  Construction  of  the  joint  probability 
distribution  to  be  used  in  the  licensing-assessment 
calculations 

Objectives 

The  objective  of  this  subactivity  is  to  construct  a  joint  probability 
distribution  that  incorporates  data  and  interpretive  information  from  the 
site  characterization  program. 

Parameters 

The  parameters  for  this  subactivity  are  given  in  the  parameters  list  for 
this  information  need. 

Description 

The  state  variables  will  be  grouped  into  statistically  independent 
subsets.  For  each  subset  of  state  variables,  a  multivariate  analytical  dis- 
tribution will  be  chosen,  and  its  parameters  fitted  by  techniques  such  as 
maximum-likelihood,  using  available,  site-specific  data  for  the  mean  annual 
probabilities  and  the  intensities  of  the  processes  and  events  that  determine 
the  state  variables. 


8.3.5.13.5.1.3  Subactivity  1.1.5.1.3:  Construction  of  an  empirical 

complementary  cumulative  distribution  function  for  the 
licensing  action 

Objectives 

The  objective  of  this  subactivity  is  to  construct  an  empirical 
complementary  cumulative  distribution  function  for  the  licensing  application, 


3.5.13-141 


DECEMBER  1988 

Parameters 

The  parameters  for  this  subactivity  are  the  total-system  simulator  from 
Subactivity  1.1.5.1.1  and  the  joint  distribution  function  from  Subactivity 
1.1.5.1.2  (Sections  8.3.5.13.5.1.1  and  8.3.5.13.5.1.2). 

Description 

By  repeated  simulation,  sample  statistics  on  the  total  system  perform- 
ance measure,  M,  will  be  obtained  with  a  sample  size  large  enough  to  ensure 
that  proposed  10  CFR  60.112  and  60.115  are  (or  are  not)  met  with  high 
confidence. 


8.3.5.13.5.2  Application  of  results 

The  results  of  fulfilling  this  information  need  will  be  used  by  the  DOE 
in  a  licensing  application  as  evidence  of  compliance  with  proposed  10  CFR 
60.112  and  60.115.  Fulfillment  of  this  information  need  resolves  Performance 
Issue  1.1.  There  are  no  other  issues  or  information  needs  that  require  the 
fulfillment  of  this  information  need. 


8.3.5.13.6  Schedule  for  total  system  performance 

Issue  1.1  (total  system  performance)  includes  five  information  needs, 
which  contain  six  performance  assessment  activities.  The  schedule  infor- 
mation for  these  performance  assessment  activities  is  summarized  in  Figure 
8.3.5.13-7.  This  figure  includes  the  performance  assessment  activity  number 
and  a  brief  description,  as  well  as  major  events  associated  with  each  acti- 
vity. A  major  event,  for  purposes  of  these  schedules,  may  represent  the 
initiation  or  completion  of  an  activity,  completion  or  submittal  of  a  report 
to  the  DOE,  an  important  data  feed,  or  a  decision  point.  Solid  lines  on  the 
schedule  represent  activity  durations  and  dashed  lines  show  interfaces  among 
activities  as  well  as  data  transferred  into  or  out  of  this  performance 
assessment  issue.  The  events  shown  on  the  schedule  and  their  planned  dates 
of  completion  are  provided  in  Table  8.3.5.13-19. 

The  activity-level  schedules,  in  combination  with  information  provided 
in  the  logic  diagrams  for  this  issue  (Figures  8.3.5.13-6A  through 
8.3.5.13-6G) ,  are  intended  to  provide  the  reader  with  a  basic  understanding 
of  the  relationships  between  major  elements  of  the  site,  performance,  and 
design  programs.  The  information  provided  in  Table  8.3.5.13-19  and  Figure 
8.3.5.13-7,  however,  should  be  viewed  as  a  snapshot  in  time. 

The  overall  program  schedule  presented  here  is  consistent  with  the 
Draft  Mission  Plan  Amendment  (DOE,  1988a).   The  site  characterization  program 
will  undergo  a  series  of  refinements  following  issuance  of  the  statutory  SCP. 
Refinements  will  consider  factors  both  internal  and  external  to  the  site 
characterization  program,  such  as  changes  to  the  quality  assurance  program. 
Such  refinements  are  to  be  considered  in  ongoing  planning  efforts,  and 
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changes  that  are  implemented  will  be  reflected  in  the  semiannual  progress 
reports.   Summary  schedule  information  for  each  information  need  of  this 
issue  can  be  found  in  Section  8.5.2.2. 
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8.3.5.14  Issue  resolution  strategy  for  Issue  1.2:  Will  the  mined  geologic 

disposal  system  meet  the  requirements  for  limiting  individual  doses 
in  the  accessible  environment  as  required  by  40  CFR  191.15? 

Regulatory  basis  for  the  issue 

The  regulatory  basis  for  limiting  individual  does  from  ground  water  as 
stated  in  40  CFR  191.15  has  been  vacated  by  the  first  district  court  of 
appeals  (NRDC  et  al.  vs.  EPA,  1987)  and  the  EPA  has  been  asked  by  the  court 
to  reevaluate  the  rule  in  light  of  other  rules  protecting  individuals.   If 
and  when  EPA  modifies  40  CFR  191.15,  the  DOE  will  reevaluate  the  plans  for 
resolving  Issue  1.2.  Until  that  time,  the  DOE  will  proceed  with  plans  to 
address  individual  dose  limitations  as  currently  covered  by  the  rule  now 
under  reevaluation  by  the  EPA. 

The  relevant  parts  of  40  CFR  191.15  are  quoted  in  the  following: 

191.15  Individual  protection  requirements. 

Disposal  systems  for  spent  nuclear  fuel  or  high-level  or  transuranic 
radioactive  wastes  shall  be  designed  to  provide  a  reasonable  expec- 
tation that,  for  1,000  yr  after  disposal,  undisturbed  performance  of 
the  disposal  system  shall  not  cause  the  annual  dose  equivalent  from 
the  disposal  system  to  any  member  of  the  public  in  the  accessible 
environment  to  exceed  25  millirems  to  the  whole  body  or  75  millirems 
to  any  critical  organ.  All  potential  pathways  (associated  with 
undisturbed  performance)  from  the  disposal  system  to  people  shall  be 
considered,  including  the  assumption  that  individuals  consume  2  L 
per  day  of  drinking  water  from  any  significant  source  of  ground 
water  outside  of  the  controlled  area. 

In  the  regulation  just  given,  undisturbed  performance  means  the  pre- 
dicted behavior  of  a  disposal  system,  including  consideration  of  the  uncer- 
tainties in  predicted  behavior,  if  the  disposal  system  is  not  disrupted  by 
human  intrusion  or  the  occurrence  of  unlikely  natural  events.   The  term 
accessible  environment  means  (1)  the  atmosphere,  (2)  land  surfaces,  (3)  sur- 
face waters,  (4)  oceans,  and  (5)  all  the  lithosphere  that  is  beyond  the  con- 
trolled area,  a  surface  location  that  encompasses  no  more  than  100  km2  and 
extends  horizontally  no  more  than  5  km  in  any  direction  from  the  outer  boun- 
dary of  the  original  location  of  the  radioactive  wastes  in  a  disposal  system. 

In  addition,  the  regulation  (40  CFR  191.12)  defines  the  significant 
source  of  ground  water  to  mean: 

(1)  An  aquifer  that:   (i)  Is  saturated  with  water  having  less  than 
10,000  milligrams  per  liter  of  total  dissolved  solids;  (ii)  is 
within  2,500  feet  of  the  land  surface;  (iii)  has  a  transmissivity 
greater  than  200  gallons  per  day  per  foot,  provided  that  any  forma- 
tion or  part  of  a  formation  included  within  the  source  of  ground 
water  has  a  hydraulic  conductivity  greater  than  2  gallons  per  day 
per  square  foot;  and  (iv)  is  capable  of  continuously  yielding  at 
least  10,000  gallons  per  day  to  a  pumped  or  flowing  well  for  a 
period  of  at  least  a  year;  or  (2)  an  aquifer  that  provides  the 
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primary  source  of  water  for  a  community  water  system  as  of  the 
effective  date  of  this  Subpart. 

The  expected  condition  of  the  repository  environment  is  such  that  no 
significant  amounts  of  liquid  water  will  be, present  in  and  adjacent  to  the 
borehole  for  at  least  300  yr  after  repository  closure.   For  300  to  1,000  yr 
after  closure,  a  limited  amount  of  water  (i.e.,  less  than  5  liters  per 
package  per  year  for  90  percent  of  the  packages  and  less  than  20  liters  per 
package  per  year  for  10  percent  of  the  packages)  may  be  available  to  contact 
some  waste  containers,  although  most  of  the  containers  are  expected  to  remain 
in  a  dry  environment  for  well  over  1,000  yr  (Section  8.3.4).  A  limited 
amount  of  radionuclides,  therefore,  may  be  released  from  breached  containers 
and  transported  by  ground  water  to  the  accessible  environment. 

Three  radionuclides  might  be  able  to  escape  from  the  breached  container 
as  gaseous  species  under  the  conditions  at  Yucca  Mountain:  carbon-14, 
tritium,  and  krypton-85.  Of  these,  only  carbon-14  is  readily  available  for 
rapid  release  from  a  breached  waste  container.   The  other  radionuclides,  both 
of  which  have  short  half-lives,  are  contained  within  the  waste  form  (Sections 
8.3.5.9  and  8.3.5.10).   Carbon-14  release  is  expected  to  be  in  the  form  of 
carbon-14  dioxide  that  will  percolate  up  through  the  pore  space  in  the 
unsaturated  overburden  to  the  accessible  environment. 

Approach  to  resolving  the  issue 

There  are  only  two  significant  pathways  for  the  radionuclides  from  the 
waste  package  to  reach  humans  in  the  accessible  environment  (i.e.,  ground- 
water transport  and  gaseous  phase  transport) .   These  probable  flow  paths  for 
each  transport  mechanism  lead  to  quite  different  and  separate  exposure 
sources  for  any  released  radionuclides.  Therefore,  they  will  be  treated 
separately. 

The  approach  to  resolving  Issue  1.2  for  the  ground-water  pathway  is  to 
determine  whether  any  exposure  to  the  public  will  result  during  the  1,000-yr 
period  after  disposal  (40  CFR  191.15).   Because  a  significant  source  of 
ground  water  might  exist  at  the  boundary  of  the  controlled  area,  the  dose 
calculation  will  assume  that  individuals  consume  2  liters  per  day  of  drinking 
water  at  the  outside  boundary  of  the  controlled  area,  where  the  concentration 
of  radionuclides  in  ground  water  could  be  expected  to  be  the  highest.   For 
the  gaseous  pathway,  the  reference  case  will  examine  whether  the  upper 
bounding  value  of  the  exposure  to  the  public  will  be  less  than  25-  and  75- 
mrem/yr  dose  limits  based  on  the  amount  of  the  carbon-14  inventory  that  can 
be  released  in  gaseous  form.  Alternatively,  it  may  be  possible  to  show  that 
the  gaseous  carbon-14  dioxide  may  never  reach  the  accessible  environment 
during  the  1,000-yr  period.   The  total  dose  to  the  individuals  will  be  the 
sum  of  the  doses  through  both  pathways  and  it  will  be  compared  against  the 
required  dose  limits.   Figure  8.3.5.14-1  illustrates  the  objective  and  logic 
to  resolve  Issue  1.2. 

Under  the  undisturbed  conditions  of  the  repository,  it  is  expected  that 
most  of  the  waste  packages  will  remain  dry  and  that  the  radionuclides  will  be 
substantially  completely  contained  in  the  waste  package.   Under  very  conser- 
vative assumptions,  however  (described  in  Section  8.3.5.9),  up  to  20  percent 
of  the  waste  containers  may  be  breached  and  radionuclides  may  be  released  and 
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Figure  8.3.5.14-1.      Logic  diagram  for  Issue  1.2  (individual  protection) 


8.3.5.14-3 


DECEMBER  1988 

transported  in  the  ground  water  through  the  unsaturated  and  saturated  zones 
before  they  reach  the  accessible  environment  (Section  8.3.5.13).   Sorbing 
species  of  the  radionuclides  would  travel  slower  than  the  ground-water  move- 
ment because  of  retardation,  and  even  the  nonsorbing  species  cannot  travel 
faster  than  the  ground-water  movement  itself  along  the  path  of  likely  radio- 
nuclide travel.   For  the  ground-water  pathways,  this  issue  will  be  resolved 
if  reasonable  expectations  are  established  that  contaminant  transport  to  the 
water  table  exceeds  1,000  yr  with  high  confidence.   Current  estimates  of  the 
ground-water  travel  time  show  a  mean  value  of  43,265  yr  with  a  standard  devi- 
ation of  12,765  yr  (Sinnock  et  al.,  1986),  thus  providing  an  initial  level  of 
confidence  that  the  radionuclide  travel  time  will  be  longer  than  1,000  yr 
(Section  8.3.5.12) . 

If  the  radionuclide  transport  time  is  less  than  1,000  yr,  then  the 
concentration  of  radionuclides  in  ground  water  and  its  change  with  time  will 
be  calculated  using  the  total  system  performance  model  (see  Section  8.3.5.13) 
at  the  boundary  of  the  controlled  area.   There  may  be  no  significant  source 
of  ground  water  at  the  outside  boundary  of  the  controlled  area.   However, 
using  the  concentration  of  radionuclides  at  the  boundary  of  the  controlled 
area  and  the  assumption  that  individuals  consume  2  liters  per  day  of  drinking 
water,  the  dose  to  a  maximally  exposed  individual  can  be  calculated.  Alter- 
natively, it  could  be  determined  that  there  is  no  significant  source  of 
ground  water  outside  the  controlled  area  but  that  a  source  exists  within  the 
1,000-yr  radionuclide  travel  time  boundary.   If,  however,  any  such  source  is 
identified,  the  same  calculation  as  above  can  be  made  for  that  location.   It 
should  be  noted  that  there  is  another  requirement  for  the  site  (10  CFR 
60.113(a) (2))  that  the  pre-waste-emplacement  ground-water  travel  time  must  be 
at  least  1,000  yr.   The  pre-waste-emplacement  ground-water  travel  time  and 
the  radionuclide  travel  time  (post-emplacement)  are  related  but  not  the  same; 
therefore,  a  radionuclide  travel  time  that  is  less  than  1,000  yr,  although 
very  unlikely,  would  not  necessarily  violate  the  10  CFR  60.113  requirement 
(see  Section  8.3.5.12). 

Both  spent  fuel  and  glass  waste  forms  contain  carbon-14.   The  total 
amount  of  carbon-14  in  the  spent  fuel  is  conservatively  estimated  to  be 
1.5  Ci/MTHM  (metric  tons  of  heavy  metal)  by  actual  measurements  and  analyses 
(Van  Konynenburg  et  al.,  1986).  A  smaller  inventory  of  carbon-14  is  expected 
for  glass  waste  forms  because  of  the  potential  for  release  and  transfer  to 
other  waste  streams  during  reprocessing.  Most  of  the  carbon-14  in  the  spent 
fuel  is  locked  inside  U02  fuel,  Zircaloy  cladding,  and  fuel  assemblies  and 
will  be  released  slowly  after  the  containment  is  breached.  Only  a  small 
fraction  of  the  total  carbon-14  inventory  in  the  spent  fuel  could  be  rapidly 
released  from  the  oxidized  skin  of  the  Zircaloy  cladding  by  reaction  of  the 
oxygen  in  the  atmosphere  with  the  carbon  in  the  cladding  oxidation  layer 
(Oversby  and  McCright,  1985)  .  Oversby  and  McCright  believe  that  as  much  as 
1  percent  of  the  carbon-14  inventory  in  spent  fuel  could  be  rapidly  released 
in  this  way  during  the  first  100  to  1,000  yr  following  closure  when  high 
temperature  and  gamma  radiation  are  expected  (Section  8.3.5.9).   No  rapid 
release  of  carbon-14  is  known  from  glass  waste  forms. 

A  bounding-case  calculation  for  carbon-14  release  can  be  made  as 
follows:  when  the  repository  is  completely  filled  with  70,000  MTHM,  the 
total  inventory  of  carbon-14  will  be  less  than  105,000  Ci;  considering  that 
some  of  the  wastes  are  in  glass  waste  forms,  the  rapid  release  fraction  of 
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carbon-14  from  the  entire  repository  is  not  likely  to  exceed  1,000  Ci  even  if 
every  waste  container  were  breached  within  1,000  yr.   The  goal  of  the  waste- 
container  design  limits  the  container  failure  to  less  than  5  percent  for  the 
first  300  yr  and  to  less  than  20  percent  for  1,000  yr  after  closure.   Under  a 
conservative  assumption  of  20  percent  container  failure,  the  total  inventory 
of  available  carbon-14  for  rapid  release  in  gaseous  form,  therefore,  would  be 
less  than  200  Ci.   The  200  Ci  would  most  likely  be  released  gradually  as  the 
containers  fail  in  a  time-distributed  manner.   Even  with  a  total  failure  of 
the  entire  20  percent  of  the  containers  in  1  yr,  the  maximum  release  will  not 
exceed  200  Ci  in  1  yr,  with  no  further  release  during  the  subseguent  years, 
because  there  will  be  no  more  carbon-14  available  for  rapid  release.   Evalua- 
tion of  the  inventory  and  release  of  carbon-14  from  Zircaloy  cladding  is 
being  investigated  in  Section  8.3.5.10. 

The  carbon-14  released  from  the  spent  fuel  during  the  initial  breach  of 
the  container  is  expected  to  be  in  the  form  of  carbon  dioxide.   Gas-phase 
carbon-14  dioxide  moves  upward  through  air-filled  pores  in  the  unsaturated 
tuffs  by  molecular  diffusion  and  by  advection  in  a  thermally  driven  air- 
convection  cell.   In  the  course  of  the  upward  movement  of  carbon-14  dioxide, 
isotopic  exchange  of  carbon-14  with  the  normal  carbon  of  the  carbon  dioxide 
gas  in  the  pore  space  will  occur,  thus  retarding  the  movement  of  the 
carbon-14  to  the  atmosphere  above  the  repository.   The  carbon  dioxide  gas  in 
the  pore  space  is  probably  in  eguilibrium  with  dissolved  bicarbonate  in  the 
pore  water.   Therefore,  a  large  reservoir  of  normal  carbon  exists  in  the 
unsaturated  tuffs  and  is  available  for  carbon-14  isotopic  exchange.   In 
addition,  precipitation  of  calcite,  if  it  occurs,  will  irreversibly  remove 
carbon-14  from  the  system.  Actual  residence  times  of  carbon-14  in  the  pore 
spaces  of  the  repository  overburden  could,  in  principle,  be  estimated  by 
solving  a  transport  eguation  that  takes  the  isotope  exchange  and  chemical 
models  into  account.   However,  site-specific  data  that  would  permit  realistic 
estimates  of  the  carbon-14  residence  time  are  lacking. 

If  the  residence  time  of  the  carbon-14  in  the  overburden  (the  time 
needed  for  carbon-14  to  travel  through  the  overburden)  is  established  with 
high  confidence  to  exceed  1,000  yr,  this  part  of  Issue  1.2  will  be  resolved. 
The  mean  and  standard  deviation  of  the  residence  time  in  the  overburden  of  a 
carbon-14  nucleus  that  is  released  at  the  repository  level  will  be  estimated 
in  Section  8.3.1.3.8,  and  a  model  for  gas-phase  releases  will  be  developed  in 
Information  Need  1.1.3  (Section  8.3.5.13.3). 

A  realistic  estimate  of  doses  from  the  gaseous  pathway  to  the  public  in 
the  accessible  environment  will  have  to  be  based  on  the  gas-phase  release 
estimated  from  Information  Need  1.1.3  (Section  8.3.5.13.3).   For  the  resolu- 
tion of  Issue  1.2,  however,  a  bounding-value  calculation  will  be  used.  The 
inventory  of  carbon-14  available  for  rapid  release,  a  total  of  200  Ci  for 
1,000  yr,  is  small  compared  with  (1)  an  average  release  of  5  to  10  Ci  from 
each  operating  nuclear  power  plant  (boiling  water  and  pressurized  water 
reactors)  into  the  atmosphere  every  year  and  (2)  the  design-basis  release  of 
approximately  800  Ci/yr  from  a  1, 500-MTHM/yr  fuel-reprocessing  plant.   Be- 
cause of  the  very  small  dose  conseguences  expected  from  the  assumed  release 
of  carbon-14  through  the  repository  overburden,  bounding  calculations  will  be 
done  for  a  hypothetical  maximally  exposed  individual  on  the  ground  surface 
above  the  repository  assuming  a  ground-level  release  of  the  total  200  Ci  in 
one  year.   Internal  dose  from  ingestion  has  not  been  calculated  because  of 
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the  lack  of  site-specific  data.  This  dose  is,  however,  expected  to  be 
significantly  smaller  than  the  inhalation  dose  because  of  the  lack  of 
vegetation  at  the  Yucca  Mountain  site. 

Unless  this  issue  has  been  resolved  by  having  both  the  radionuclide 
travel  time  (liquid  pathway)  and  residence  time  of  carbon-14  in  the  over- 
burden greater  than  1,000  yr,  doses  from  the  individual  pathways  will  be 
summed  to  see  if  the  goal  is  met.  At  present,  there  is  a  high  confidence 
that  the  goal  can  be  met  with  the  current  design  of  the  waste  package  and  the 
site  geohydrologic  conditions.   If,  however,  the  goal  has  not  been  met,  the 
source  term  for  the  radionuclide  release  can  be  reduced  by  a  more  realistic 
(less  conservative)  assessment  of  the  dose  pathways  to  the  individuals  or  by 
alternative  designs  of  the  waste  package  (Section  8.3.5.9). 

A  preliminary  performance  allocation  for  this  issue  is  summarized  in 
Table  8.3.5.14-1.   Because  Issue  1.2  concerns  only  the  undisturbed  perform- 
ance of  the  disposal  system  with  respect  to  individual  protection  from  radia- 
tion, it  is  appropriate  to  allocate  performance  against  the  expected  path- 
ways. A  goal  is  set  for  the  liquid  pathways  for  near-zero  release;  it  calls 
for  the  radionuclide  travel  time  to  exceed  1,000  yr.  More  detailed  perform- 
ance measures  and  their  goals  are  set  for  the  gaseous  pathway.  No  signi- 
ficant external  dose  is  expected  from  the  weak  beta  radiation  from  carbon-14 
through  the  skin.  The  only  significant  pathways  for  internal  dose  are 
through  inhalation  of  carbon-14  dioxide  in  breathing  air  and  ingestion  of 
carbon-14-containing  food  items  grown  in  the  area.   Specific  goals  based  on 
the  preliminary  analysis  are  established  with  a  high  confidence  for  the 
internal  doses  by  inhalation  and  ingestion.  A  goal  is  also  set  for  the 
residence  time  of  gaseous  carbon-14  in  the  overburden. 

Table  8.3.5.14-1  also  illustrates  the  relationship  between  the  perform- 
ance measures  and  the  parameters.  Table  8.3.5.14-2  identifies  the  charac- 
terization parameters  needed  to  determine  the  transport  of  carbon-14  dioxide 
on  the  surface  above  the  repository. 

Interrelationships  of  information  needs 

Two  information  needs  have  been  identified  for  Issue  1.2:   Information 
Need  1.2.1  determines  the  doses  through  the  ground-water  pathway,  using  the 
same  methodology  as  that  used  for  Issue  1.1,  total  system  releases.  The 
second  information  need  (1.2.2)  determines  the  internal  and  external  doses  to 
the  public  in  the  accessible  environment  through  the  gaseous  pathway  of 
carbon-14 . 

The  schedule  information  for  Issue  1.2  (individual  protection)  is 
presented  in  Section  8.3.5.14.3. 
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8.3.5.14.1   Information  Need  1.2.1:   Determination  of  doses  to  the  public  in 
the  accessible  environment  through  ground-water  transport 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  information  needed  to  satisfy  this  information  need  and  the  method- 
ology to  be  used  are  basically  the  same  as  that  used  for  Section  8.3.5.13, 
total  system  performance. 

Parameters 

The  parameters  needed  to  satisfy  this  information  need  are  the  same  as 
those  required  for  Information  Need  1.1.4,  Section  8.3.5.13.4.   Specifically, 
these  parameters  include: 

1.  Flux  through  the  unsaturated  zone  (also  from  Section 
8.3.5.12.4) . 

2.  Retardation  through  the  unsaturated  zone  (also  from  Section 
8.3.1.3.4) . 

3.  Dose  conversion  factors  (standard  values). 

4.  Determination  of  whether  a  significant  source  of  ground  water  is 
present  or  absent  (information  from  Section  8.3.5.15.1.1.2  will 
be  used) . 

Logic 

This  information  need  addresses  the  movement  of  radionuclides  through 
the  ground  water  to  the  accessible  environment.  The  parameters  needed  and 
the  methodology  to  be  used  to  satisfy  this  information  need  are  similar  to 
those  used  to  determine  the  total  releases  to  the  accessible  environment 
under  expected  conditions.   The  difference  between  this  issue  and  Issue  1.1 
is  that  the  parameters  and  scenarios  to  be  considered  for  this  issue  will 
cover  only  the  first  1,000  yr  after  closure  under  expected  conditions, 
whereas  Issue  1.1  (Section  8.3.5.13)  will  cover  releases  over  10,000  yr  under 
expected  and  unexpected  conditions.  Radionuclide  releases  will  be  determined 
from  the  engineered  barrier  system,  and  contaminant  transport  will  be  con- 
sidered through  the  unsaturated  zone  to  the  water  table.   Because  the  ground- 
water travel  time  through  the  unsaturated  zone  is  expected  to  be  much  greater 
than  1,000  yr,  this  issue  will  initially  examine  the  transport  to  the  water 
table.  If  the  ground-water  travel  time  to  the  water  table  through  the  unsatu- 
rated zone  is  less  than  1,000  yr,  then  the  ground-water  travel  time  to  the 
boundary  of  the  controlled  area  and  the  change  in  radionuclide  concentration 
in  a  significant  source  of  ground  water  at  the  boundary  will  be  calculated 
for  the  dose  evaluation. 
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8.3.5.14.1.1  Activity  1.2.1.1:  Calculation  of  doses  through  the 
ground-water  pathway 

Objectives 

The  objective  of  this  activity  is  to  use  the  methodology  applied  in 
Section  8.3.5.13  to  calculate  the  radionuclide  transport  to  the  boundary  of 
the  controlled  area. 

Parameters 

See  the  general  parameters  list  for  this  information  need. 

Description 

This  activity  will  obtain  from  Information  Need  1.1.4  the  distribution 
of  radionuclides  transported  to  the  boundary  of  the  controlled  area  during 
the  first  1,000  yr  after  closure.  Only  expected  conditions  will  be  consid- 
ered for  this  analysis.  The  radionuclide  transport  model  used  to  make  this 
evaluation  will  be  verified  and  validated  under  Issue  1.1.  The  concentration 
of  radionuclides  in  the  ground  water  at  the  boundary  of  the  controlled  area 
and  the  assumption  that  individuals  consume  2  liters  per  day  of  drinking 
water  from  a  significant  source  of  ground  water  at  the  controlled  area  bound- 
ary will  be  used  to  calculate  the  individual  dose.  The  results  of  this 
evaluation  will  be  presented  in  a  report. 


8.3.5.14.1.2  Application  of  results 

This  information  will  be  used  to  resolve  the  doses  through  the  ground- 
water pathway  section  of  this  Issue  (1.2). 


8.3.5.14.2  Information  Need  1.2.2:   Determination  of  doses  to  the  public  in 
the  accessible  environment  through  the  gaseous  pathway 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  following  sections  of  Chapter  8  summarize  the  information  relevant 
to  this  information  need. 


Chapter  8 
section  Short  title 

8.3.1.12  Meteorology 

8.3.5.3  Public  radiological  exposures- 

normal  conditions 
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Chapter  8 
section 

8.3.5.13 


Short  title 


Total  system  performance 


Sections  8.3.5.9  and  8.3.5.10  will  establish  that  carbon-14  is  the  only 
important  gaseous  radionuclide  that  can  be  transported  to  the  accessible 
environment  through  the  gaseous  pathway  and  also  will  establish  the  maximum 
inventory  of  carbon-14  for  rapid  release.   Since  a  bounding-value  calculation 
is  believed  to  be  sufficient  to  resolve  this  issue,  time  distribution  of  con- 
tainer failure  from  Information  Need  1.4.4  (Section  8.3.5.9.4)  will  not  be 
used  here. 


Parameters 

Most  of  the  parameters  needed  to  satisfy  this  information  need  are 
obtained  from  other  information  needs  as  noted  in  the  following  list: 

1.  Important  gaseous  radionuclides  (Section  8.3.5.10.1). 

2.  Inventory  and  release  of  gaseous  radionuclides  (Section  8.3.5.10.2) 

3.  Retardation  of  gaseous  flow  through  the  overburden  (Section 
8.3.5.13.3)  . 

4.  Site  meteorological  data  (Section  8.3.1.12.2). 

5.  Off site  activities  for  ingestion  and  inhalation  scenarios  (Section 
8.3.1.13)  . 


Dose  conversion  factors  (standard  published  values) 


Logic 


I 


Releases  of  gaseous  radionuclides  will  be  determined  by  using  a  two-step 
process.   The  first  step  involves  examining  the  retardation  of  gaseous  flow 
of  carbon-14  dioxide  through  the  overburden.   This  step  will  use  the  same 
parameters  and  methodology  as  used  to  address  Issue  1.1,  total  system  per- 
formance, with  the  exception  that  this  issue  considers  only  expected  condi- 
tions over  the  first  1,000  yr  following  disposal.   The  second  step  involves 
examining  inhalation  and  ingestion  rates  when  the  carbon-14  dioxide  reaches 
the  surface.   This  step  will  be  performed  only  if  it  is  determined  that  the 
goal  for  gaseous  retardation  through  the  overburden  cannot  be  achieved  with  a 
high  level  of  confidence. 

For  a  given  radionuclide,  when  the  release  rate,  wind  speed,  and  dis- 
persion coefficients  are  known,  it  is  a  straightforward  calculation  to  obtain 
the  external  and  internal  inhalation  doses  with  standard  dose-conversion 
factors.   Inhalation  dose  is  expected  to  be  the  overwhelming  component  of  the 
potential  dose  from  carbon-14  releases.  Uptake  by  ingestion,  however, 
greatly  depends  upon  local  vegetation  and  agricultural  activities  and  can 
vary  significantly  from  area  to  area  even  for  the  same  amount  of  release.  No 
significant  agricultural  activities  are  currently  present  at  the  Yucca 
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Mountain  area,  and  the  expected  conditions  for  1,000  yr  in  the  area  can  be 
assumed  in  order  to  estimate  the  ingestion  dose.   Since  the  dose  rate  will  be 
highest  at  the  land  surface,  only  one  calculation  for  a  hypothetical  maxi- 
mally exposed  person  will  be  reguired  to  resolve  this  information  need. 

Two  activities  are  planned  to  calculate  doses  to  the  public  in  the 
accessible  environment  through  the  gaseous  pathway.   The  second  activity  will 
be  performed  only  if  it  is  determined  that  the  goal  for  gaseous  retardation 
through  the  overburden  cannot  be  achieved  with  a  high  level  of  confidence. 


8.3.5.14.2.1   Activity  1.2.2.1:   Calculation  of  transport  of  gaseous  carbon- 
14  dioxide  through  the  overburden 

Objectives 

The  objective  of  this  activity  is  to  estimate  the  transport  time  for 
gaseous  carbon-14  dioxide  from  the  repository  to  the  land  surface  during  the 
first  1,000  yr  after  disposal. 

Parameters 

Parameters  1,  2,  and  3  identified  under  Information  Need  1.2.2  are 
reguired  for  this  activity. 

Description 

This  activity  will  obtain  from  Information  Need  1.1.4  the  distribution 
of  gaseous  radionuclides  transported  through  the  overburden  to  the  land 
surface  during  the  first  1,000  yr  after  disposal.  Only  expected  conditions 
will  be  considered  for  this  analysis.   The  results  of  this  evaluation  will  be 
presented  in  a  final  report  on  doses  to  the  public  in  the  accessible  environ- 
ment through  gaseous  phase  transport. 


8.3.5.14.2.2  Activity  1.2.2.2:   Calculation  of  land-surface  dose  and  dose  to 
the  public  in  the  accessible  environment  through  the  gaseous 
pathway  of  carbon-14 

Objectives 

The  objectives  of  this  activity  are  to  collect  the  necessary  data  on 
carbon-14  inventory  and  meteorology  and  to  calculate  upper  bound  values  for 
external  and  internal  doses.  The  latter  objective  includes  doses  from  both 
inhalation  and  ingestion. 

Parameters 

See  the  general  parameter  list  for  this  information  need. 
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lescription 

I 

This  activity  will  extract  the  carbon-14  inventory  data  from  Information 
(eed  1.5.2  (Section  8.3.5.10.2)  and  calculate  the  dispersion  coefficients  and 
and  speed  from  meteorological  data  from  Section  8.3.1.12.1.   This  activity 
ill  also  calculate  the  expected  and  upper  bound  internal  and  external  doses 
o  a  hypothetical  maximally  exposed  person  on  the  land  surface  above  the 
epository.   The  AIRDOS-EPA  program  or  other  appropriate  programs  will  be 
sed  for  the  dose  calculation.  Model  verification  and  validation  are  dis- 
ussed  in  the  Project  Radiological  Monitoring  Plan  (Section  8.3.5.3).  The 
esults  will  be  presented  in  a  report. 


.3.5.14.2.3  Application  of  results 

This  information  will  be  used  to  resolve  the  doses  through  the  gaseous 
athway  section  of  this  issue. 


1.3.5.14.3  Schedule  for  Issue  1.2  (individual  protection) 

Issue  1.2  (individual  protection)  includes  two  information  needs,  which 
:  mtain  three  performance  assessment  activities.   The  schedule  information 
;  >r  these  performance  assessment  activities  is  summarized  in  Fig- 

Ie  8.3.5.14-2.  This  figure  includes  the  performance  assessment  activity 
imber  and  a  brief  description,  as  well  as  major  events  associated  with  each 
itivity.  A  major  event,  for  purposes  of  these  schedules,  may  represent  the 
.  itiation  or  completion  of  an  activity,  completion  or  submittal  of  a  report 
<  the  DOE,  an  important  data  feed,  or  a  decision  point.   Solid  lines  on  the 
|<  hedule  represent  activity  durations  and  dashed  lines  show  interfaces  among 
.tivities  as  well  as  data  transferred  into  or  out  of  this  performance 
cessment  issue.   The  events  shown  on  the  schedule  and  their  planned  dates 
|]  completion  are  provided  in  Table  8.3.5.14-3. 

The  activity-level  schedules,  in  combination  with  information  provided 
r  the  logic  diagram  for  this  issue  (Figure  8.3.5.14-1),  are  intended  to 
'nvide  the  reader  with  a  basic  understanding  of  the  relationships  between 
ajor  elements  of  the  site,  performance,  and  design  programs.   The  informa- 
Pton  provided  in  Table  8.3.5.14-3  and  Figure  8.3.5.14-2,  however,  should  be 
i2wed  as  a  snapshot  in  time. 


r 


The  overall  program  schedule  presented  here  is  consistent  with  the 
ift  Mission  Plan  Amendment  (DOE,  1988a) .   The  site  characterization  program 
i  .1  undergo  a  series  of  refinements  following  issuance  of  the  statutory  SCP . 
=:inements  will  consider  factors  both  internal  and  external  to  the  site 
"  racterization  program,  such  as  changes  to  the  quality  assurance  program. 
p  h  refinements  are  to  be  considered  in  ongoing  planning  efforts,  and 
)  nges  that  are  implemented  will  be  reflected  in  the  semiannual  progress 
-lorts.   Summary  schedule  information  for  each  information  need  of  this 
|5-ue  can  be  found  in  Section  8.5.2.2. 
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8.3.5.15   Issue  resolution  strategy  for  Issue  1.3:   Will  the  mined  geologic 

disposal  system  meet  the  requirements  for  the  protection  of  special 
sources  of  ground  water  as  required  by  40  CFR  191.16? 

Regulatory  basis  for  the  issue 

The  regulatory  basis  for  protection  of  special  sources  of  ground  water 
as  stated  in  40  CFR  191.16  has  been  vacated  by  the  first  district  court  of 
appeals  (NRDC  et  al.  vs.  EPA  1987),  and  the  EPA  has  been  asked  by  the  court 
to  reevaluate  the  rule  in  light  of  other  rules  protecting  ground  water.   If 
and  when  the  EPA  modifies  40  CFR  191.16,  the  DOE  will  reevaluate  the  plans 
for  resolving  Issue  1.3.   Until  that  time,  the  DOE  will  proceed  with  plans  to 
address  ground-water  protection  as  currently  covered  by  the  rule  now  under 
reevaluation  by  EPA. 

The  parts  of  40  CFR  191.16  relevant  to  Issue  1.3  are  quoted  in  the 
following: 

191.16  Ground  water  protection  requirements 

(a)  Disposal  systems  for  spent  nuclear  fuel  or  high-level  or 
transuranic  radioactive  wastes  shall  be  designed  to 
provide  a  reasonable  expectation  that,  for  1,000  yr  after 
disposal,  undisturbed  performance  of  the  disposal  system 
shall  not  cause  the  radionuclide  concentrations  averaged 
over  any  year  in  water  withdrawn  from  any  portion  of  a 
special  source  of  ground  water  to  exceed: 

(1)  5  picocuries  per  liter  of  radium-226  and  radium-228; 

(2)  15  picocuries  per  liter  of  alpha-emitting 
radionuclides  (including  radium-226  and  radium-228 
but  excluding  radon) ;  or 

(3)  The  combined  concentrations  of  radionuclides  that 
emit  either  beta  or  gamma  radiation  that  would 
produce  an  annual  dose  equivalent  to  the  total  body 
or  any  internal  organ  greater  than  4  millirems  per 
year  if  an  individual  consumed  2  liters  per  day  of 
drinking  water  from  such  a  source  of  ground  water. 

(b)  If  any  of  the  average  annual  radionuclide  concentrations 
existing  in  a  special  source  of  ground  water  before 
construction  of  the  disposal  system  already  exceed  the 
limits  in  191.16(a),  the  disposal  system  shall  be 
designed  to  provide  a  reasonable  expectation  that,  for 
1,000  years  after  disposal,  undisturbed  performance  of 
the  disposal  system  shall  not  increase  the  existing 
average  annual  radionuclide  concentrations  in  water 
withdrawn  from  that  special  source  of  ground  water  by 
more  than  the  limits  established  in  191.16(a). 

In  the  previous  regulations,  undisturbed  performance  means  the  predicted 
behavior  of  a  disposal  system,  including  consideration  of  the  uncertainties 
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in  predicted  behavior,  if  the  disposal  system  is  not  disrupted  by  human 
intrusion  or  the  occurrence  of  unlikely  natural  events. 

An  aquifer  must  meet  several  criteria  to  be  designated  as  a  special 
source.   The  first  step  in  the  evaluation  is  to  establish  whether  the  aquifer 
is  a  Class  I  source  as  defined  by  the  EPA  Ground  Water  Protection  Strategy  of 
1984  (EPA,  1984)  .   The  conditions  that  must  be  met  for  designation  as  a  Class 
I  source  are  (1)  that  the  source  is  highly  vulnerable  to  contamination 
because  of  the  hydrologic  characteristics  and  (2)  that  the  source  is  irre- 
placeable in  that  no  reasonable  alternative  is  available  to  substantial 
populations  or  that  the  source  is  ecologically  vital  in  that  it  provides 
baseflow  to  a  sensitive  ecological  system. 

If  an  aquifer  meets  the  criteria  for  a  Class  I  source,  the  next  step  is 
to  determine  whether  it  qualifies  as  a  special  source  of  ground  water. 
40  CFR  191.12  defines  a  special  source  of  ground  water  as 

those  Class  I  ground  waters  identified  in  accordance  with  the 
agency's  Ground-Water  Protection  Strategy  .  .  .  that:   (1)  are 
within  the  controlled  area  encompassing  a  disposal  system  or  less 
than  5  km  beyond  the  controlled  area  [the  controlled  area  is  the 
actual  area  chosen  according  to  the  40  CFR  191.12  definition  of  the 
controlled  area] ;  (2)  are  supplying  drinking  water  for  thousands  of 
persons  as  of  the  date  that  the  [DOE]  chooses  a  location  within 
that  area  for  detailed  characterization  as  a  potential  site  for  a 
disposal  system  (e.g.,  in  accordance  with  Section  112(b)  (1)  (B)  of 
the  Nuclear  Waste  Policy  Act) ;  and  (3)  are  irreplaceable  in  that  no 
reasonable  alternative  source  of  drinking  water  is  available  to 
that  population. 

Approach  to  resolving  the  issue 

The  approach  to  resolving  this  issue  consists  of  a  series  of  deter- 
minations and  decision  points,  any  one  of  which  could  result  in  an  af- 
firmative resolution.  As  shown  in  the  logic  diagram  for  this  issue  (Figure 
8.3.5.15-1),  the  first  decision  is  whether  Class  I  or  special  sources  of 
ground  water  exist  in  the  vicinity  of  Yucca  Mountain  as  determined  by 
comparing  the  criteria  with  the  hydrogeologic,  demographic,  and  ecologic 
characteristics  of  the  site  and  its  contiguous  vicinity.   If  Class  I  or 
special  sources  are  found  not  to  exist,  the  issue  is  resolved  affirmatively. 

If  a  Class  I  source  exists,  the  Yucca  Mountain  Project  will  proceed  to 
evaluate  whether  the  Class  I  ground  water  is  also  a  special  source  of  ground 
water.   If  so,  the  concentration  of  waste  in  special-source  ground  water  must 
remain  below  the  limits  specified  in  40  CFR  191.16.   The  approach  is  first  to 
determine  whether  slow  ground-water  movement  alone  can  ensure  meeting  the 
limits.   If  neither  path  can  provide  this  assurance,  the  Yucca  Mountain 
Project  will  conduct  transport  modeling  to  test  whether  concentrations  in 
special-source  ground  water  will  remain  below  the  established  limits. 

These  two  fundamental  questions  (i.e.,  whether  special  sources  exist, 
and  whether  contamination  of  a  special  source  will  be  below  the  40  CFR  191.16 
limits)  are  the  basis  for  defining  two  information  needs: 
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ISSUE  1.3:     EPA  SPECIAL  SOJRCE 
GROUND-WATER   PROTECTION 


OBJECTIVE:     DETERMINE   WHETHER   CLASS   I   OR   SPECIAL 
SOURCES  EXIST   IN   VICINITY   OF   YUCCA   MOUNTAIN 


COMPARE   CLASS   I   SOURCE   CRITERIA 
WITH   SITE   CHARACTERISTICS 


CALCULATE   TRANSPORT   OF 
RADIONUCLIDES   THROUGH 
UNSATURATED   ZONE   TO 
THE  NEAREST   GROUND- 
WATER  SOURCE  FOR   THE 
FIRST   1.000   yr   OF 
REPOSITORY  PERFORMANCE 


COMPARE   SPECIAL-SOURCE 
CRITERIA   WITH  SITE   CHARACTERISTICS 


NO 


YES 


CALCULATE 

CONCENTRATIONS 

IN  NEAREST   WATER 

SOURCE  IN   1.000   yr 


YES 


CALCULATE  CONCENTRATION  OF  HIGH-LEVEL  OR 
TRANSURANIC   WASTES   IN  SPECIAL-SOURCE  AQUIFERS 


REEVALUATE 
ISSUE   1.3 
STRATEGY 


YES 


AFFIRMATIVE  RESOLUTION 
OF  ISSUE   1.3 


TAKE 

APPROPRIATE 

ACTION 
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Figure  8.3.5.15-1.       Logic  diagram  for  Issue  1.3  (ground-water  protection) 
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1.3.1  Determine  whether  any  Class  I  or  special  sources  of  ground  water 
exist  at  Yucca  Mountain,  within  the  controlled  area,  or  within  5 
km  of  the  controlled  area  boundary. 

1.3.2  Determine  for  all  special  sources  whether  concentrations  of  waste 
products  in  the  ground  water  during  the  first  1,000  yr  after  dis- 
posal will  not  exceed  the  limits  established  in  40  CFR  191.16. 

Performance  allocation  for  Issue  1.3 

A  preliminary  performance  allocation  for  this  issue  (1.3)  is  summarized 
in  Table  8.3.5.15-1.   Because  this  issue  is  concerned  with  the  protection  of 
special  ground-water  sources  from  contamination,  it  is  appropriate  to  first 
establish  whether  a  Class  I  or  special  ground-water  source  exists.   If  no 
special  sources  exist,  then  the  issue  is  resolved.   If  a  special  source  is 
identified  at  or  near  the  site,  this  issue  could  be  resolved  by  establishing 
that  the  concentrations  of  waste  products  in  the  special  source  are  likely  to 
be  much  less  than  allowed  by  EPA  limits.   The  relationship  between  the 
performance  measures  and  the  reguired  parameters  is  illustrated  in  Table 
8.3.5.15-1. 

Interrelationships  of  information  needs 

Two  information  needs  have  been  identified  for  this  issue;  the  first  is 
the  determination  whether  a  Class  I  or  special  source  of  ground  water  exists 
at  or  in  the  vicinity  of  the  Yucca  Mountain  site.  If  a  special  source  agui- 
fer  is  identified  during  site  characterization,  a  second  information  need 
will  be  addressed  to  determine  whether  concentrations  of  waste  in  the  ground 
water  could  exceed  the  limits  established  by  40  CFR  191.16. 

The  schedule  information  provided  for  information  needs  in  this  section 
includes  the  seguencing,  interrelationships,  and  relative  durations  of  the 
analyses  in  the  information  need.   Specific  durations  and  start/finish  dates 
for  the  analyses  are  being  developed  as  part  of  ongoing  planning  efforts  and 
will  be  provided  in  the  SCP  at  the  time  of  issuance  and  revised  as 
appropriate  in  subseguent  semiannual  progress  reports. 


8.3.5.15.1   Information  Need  1.3.1:   Determination  whether  any  Class  I  or 

special  sources  of  ground  water  exist  at  Yucca  Mountain,  within 
the  controlled  area,  or  within  5  km  of  the  controlled  area 
boundary 

Technical  basis  for  addressing  the  information  need 

Link  to  the  technical  data  chapters  and  applicable  support  documents 

The  following  sections  of  Chapter  3  (Hydrology)  summarize  the  data 
relevant  to  this  information  need: 
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SCP  section  Subject 

3.6  Regional  hydrogeologic  reconnaissance  of 

candidate  area  and  site 

3.7  Regional  ground-water  flow  system 

3.8  Ground-water  uses 

3  .  9  Site  hydrogeologic  system 

The  information  contained  in  these  sections  supports  a  preliminary 
determination  that  no  potential  special  sources  of  ground  water  are  present 
at  the  site,  below  the  site,  within  the  boundaries  of  the  controlled  area,  or 
within  5  km  of  the  controlled  area  boundary.   The  following  discussion  is  a 
brief  compilation  of  this  information  from  Chapter  3. 

All  the  aquifers  meet  the  criterion  for  location.   The  tuff  aquifer  and 
the  lower  carbonate  aquifer  both  underlie  the  proposed  repository  location. 
The  valley-fill  aquifer  is  located  within  5  km  of  the  controlled  area 
(Chapter  3)  and  was  the  only  aquifer  in  the  Yucca  Mountain  area  serving  a 
population  of  thousands  of  persons  at  the  time  that  the  site  was  chosen  for 
characterization  (Section  3.8).  Within  the  Amargosa  Desert  where  the  valley- 
fill  aquifer  is  used,  it  is  underlain  by  the  Paleozoic  rocks  of  the  lower 
carbonate  aquifer. 

The  lower  carbonate  aquifer  is  considered  an  irreplaceable  source 
because  it  supplies  baseflow  to  the  Ash  Meadows  region  in  southern  Nye  County 
(Dudley  and  Larson,  1976) ,  which  has  been  designated  a  critical  habitat  for 
several  species  of  endangered  fish.   The  Ash  Meadows  area,  however,  is  part 
of  a  different  ground-water  subbasin  (Ash  Meadows)  from  the  Alkali  Flat- 
Furnace  Creek  Ranch  ground-water  subbasin,  which  contains  Yucca  Mountain 
(Section  3.6).   Evaluations  of  the  hydrologic  feasibility  of  developing  the 
lower  carbonate  aquifer  must  consider  the  possibility  of  interbasin  diversion 
of  this  baseflow  (Section  8.3.1.9.2). 

It  is  presently  considered,  with  a  medium  level  of  confidence,  that  none 
of  the  three  aquifers  is  vulnerable  to  contamination  within  1,000  yr  after 
emplacing  waste  at  Yucca  Mountain,  based  on  the  hydraulic  and  geochemical 
characteristics  of  the  thick  unsaturated  zone  that  would  contain  the  reposi- 
tory.  In  addition  to  its  protection  by  the  thick  unsaturated  zone,  the  lower 
carbonate  aquifer  has  a  higher  potentiometric  head  than  does  the  tuff  aquifer 
in  the  vicinity  of  the  site,  according  to  data  obtained  from  drillhole 
UE-25p#l  (Craiq  and  Robison,  1984)  .   Therefore,  the  potential  or  tendency  for 
flow  is  upward  from  the  lower  carbonate  aquifer  rather  than  downward  into  it. 
Both  the  lower  carbonate  and  tuff  aquifers  crop  out  in  limited  areas  of 
rugged  terrain,  indicating  the  potential  for  contamination  directly  into 
these  aquifers  from  future  human  activities  is  slight.   However,  a  low  level 
of  confidence  is  assigned  (Table  8.3.5.15-1)  to  this  determination  for  the 
valley-fill  aquifer  because  (1)  the  valley-fill  materials  occur  at  the  sur- 
face over  broad  areas  and  (2)  the  designation  of  a  Class  I  source  is  not 
restricted  to  its  vulnerability  to  contamination  from  the  proposed  repository 
(EPA,  1984) . 
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Parameters 

Most  of  the  cultural  parameters  (i.e.,  demographic  and  water-use  data) 
needed  to  complete  this  information  need  relative  to  potential  special 
sources  have  already  been  obtained  from  preliminary  investigations.   Further 
investigations  being  carried  out  as  part  of  the  geohydrology  test  program 
will  provide  confirmatory  hydrologic  data  needed  to  raise  the  confidence 
level  of  the  preliminary  finding.   The  main  parameters  to  be  confirmed  are 

1.  The  degree  and  location  (s)  of  hydraulic  communication  between  the 
aquifers  of  the  flow  system  (Investigation  8.3.1.2.3). 

2.  The  potential  for  contamination  of  the  aquifers  from  the  mined 
geologic  disposal  system  (Investigation  8.3.1.2.1). 

3.  Refined  demographic  information  on  local  ground-water  users 
(Investigation  8.3.1.9.2). 

Logic 

There  are  four  criteria  that  must  be  met  in  order  to  classify  an  aquifer 
as  a  special  source.   One  of  the  criteria  (that  the  aquifers  are  located 
within  the  controlled  area  or  within  5  km  of  the  controlled  area  boundary) 
has  been  established  with  a  high  level  of  confidence.  The  three  remaining 
parameters  will  need  to  be  known  with  greater  certainty  to  resolve  this 
issue . 

One  analysis,  which  consists  of  two  activities,  is  planned  to  evaluate 
the  data  that  will  be  obtained  from  the  geohydrology  and  human  interference 
programs.   This  analysis  will  be  a  synthesis  of  the  required  information  and 
will  present  the  final  evaluation  of  the  three  subject  aquifers  against  the 
regulatory  criteria. 


8.3.5.15.1.1  Analysis  1.3.1.1:  Determine  whether  any  aquifers  near  the  site 
meet  the  Class  I  or  special  source  criteria 

This  analysis  consists  of  two  synthesis  activities  that  will  obtain 
required  parameter  values  from  Investigations  8.3.1.2.1  and  8.3.1.2.3,  which 
are  part  of  the  postclosure  geohydrologic  programs.  Additional  information 
will  be  taken  from  Investigation  8.3.1.9.2,  which  is  a  part  of  the  human 
activities  program. 


8.3.5.15.1.1.1  Activity  1.3.1.1.1:   Synthesis  and  evaluation  of  hydrologic 
and  environmental  information  needed  to  determine  whether 
aquifers  at  the  site  meet  the  special  source  criteria 

Objectives 

The  objectives  of  this  activity  are  (1)  to  raise  the  confidence  levels 
of  the  previously  obtained  hydrologic  and  environmental  data  and  (2)  to 
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analyze  these  data  in  order  to  evaluate  whether  any  aquifers  at  or  near  Yucca 
Mountain  meet  the  criteria  for  designation  as  a  Class  I  or  special  source  of 
ground  water. 

Parameters 

The  parameters  that  will  be  obtained  and  evaluated  are  the  location (s) 
and  degree  of  hydraulic  communication  between  the  aquifers  and  the  expected 
susceptibility  of  the  aquifers  to  contamination  from  the  mined  geologic 
disposal  system. 

Description 

This  activity  will  extract  its  parameters  from  Investigations  8.3.1.2.1, 
8.3.1.2.3,  and  8.3.1.9.2,  which  are  needed  to  raise  the  confidence  on  the 
determination  whether  any  special  source  of  ground  water  exists  at  or  near 
the  Yucca  Mountain  site.   The  results  of  the  synthesis  will  be  evaluated  in 
conjunction  with  data  obtained  from  Activity  1.3.1.1.2  (Section 
8.3.5.15.1.1.2)  and  will  be  presented  in  a  report. 


8.3.5.15.1.1.2  Activity  1.3.1.1.2:   Synthesis  and  evaluation  of  demographic 
and  economic  data  needed  to  determine  whether  Class  I  or 
special  sources  of  ground  water  exist 

Objectives 

The  objectives  of  this  activity  are  (1)  to  obtain  refined  demographic 
data  on  water  use  needed  to  establish  the  number  of  users  from  each  aquifer 
at  the  time  Yucca  Mountain  was  selected  for  site  characterization  and  (2)  to 
examine  the  economic  feasibility  of  development  of  the  lower  carbonate 
aquifer  for  alternative  water  supply  to  local  populations. 

Parameters 

The  parameters  that  will  be  obtained  and  evaluated  are  population  data 
and  locations,  depths,  and  completion  dates  for  all  wells  within  the  bound- 
aries of  the  hydrogeologic  study  area  (Chapter  3  introduction) .   Information 
on  short-term  water  demand,  water  supply,  and  projected  socioeconomic  condi- 
tions will  be  obtained  (Section  8.3.1.9.2.2.1)  and  evaluated  to  determine  the 
economic  feasibility  of  developing  the  lower  carbonate  aquifer. 

Description 

This  synthesis  activity  will  obtain  data  from  Section  8.3.1.9.2.2.1 
(human  interference  program)  in  order  to  evaluate  the  site  aquifers  against 
the  criteria  for  special  source  status.   These  criteria  are  (1)  population 
served  at  the  time  Yucca  Mountain  was  selected  for  site  characterization  and 
(2)  presence  of  alternative  water  supplies. 
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8.3.5.15.1.2  Application  of  results 

The  information  obtained  from  this  analysis  will  be  used  to  satisfy  the 
regulatory  requirements  of  40  CFR  191.16.  To  confirm  that  there  have  been  no 
designations  of  the  subject  aquifers  as  special  sources,  the  Yucca  Mountain 
Project  will  request  on  a  regular  basis,  information  from  the  EPA  on  the 
status  of  each  of  the  three  aquifers. 


8.3.5.15.2  Information  Need  1.3.2:   Determine  for  all  special  sources 

whether  concentrations  of  waste  products  in  the  ground  water 
during  the  first  1,000  yr  after  disposal  could  exceed  the  limits 
established  in  40  CFR  191.16 

Technical  basis  for  addressing  the  information  need 

Link,  to  the  technical  data  chapters  and  applicable  support  documents 

Section  8.3.5.13  (Issue  1.1,  total  system  performance)  presents  the  data 
and  methods  relevant  to  this  information  need.  The  information  contained  in 
this  section  supports  the  preliminary  determination  that  concentrations  of 
contaminants  in  the  ground  water  during  the  first  1,000  yr  after  disposal 
will  not  exceed  the  limits  established  in  40  CFR  191.16. 

Parameters 

The  parameters  needed  to  satisfy  this  information  need  will  be  obtained 
from  other  studies,  in  particular  from  the  geohydrology  program  (Section 
8.3.1.2)  and  the  total  system  performance  issue  (Section  8.3.5.13).   The  main 
parameters  are  (1)  concentration  of  existing  contaminants  in  all  potential 
special  source  aquifers  identified  by  Analysis  1.3.1.1  and  (2)  total  system 
performance  over  the  next  1,000  yr. 

Logic 

This  information  need  will  be  investigated  only  if  it  is  determined  that 
a  special  source  of  ground  water  exists  within  5  km  of  the  controlled  area  at 
Yucca  Mountain  (Figure  8.3.5.15-1). 


8.3.5.15.2.1  Analysis  1.3.2.1:  Determine  the  concentrations  of  waste 

products  in  any  special  source  of  ground  water  during  the  first 
1,000  yr  after  disposal 

This  analysis  consists  of  one  activity  that  will  calculate  the  concen- 
tration of  waste  products  in  any  special-source  aquifers  during  the  first 
1,000  yr  after  disposal. 
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8.3.5.15.2.2  Activity  1.3.2.1.1:  Synthesis  and  evaluation  of  releases  of 
waste  products  to  special  sources  of  ground  water  during  the 
first  1,000  yr  after  disposal 

Objectives 

The  objective  of  this  activity  is  to  determine  the  quantity  of  waste 
products  that  could  be  released  and  transported  to  a  special  source  of  ground 
water  during  the  first  1,000  yr  after  disposal. 

Parameters 

The  parameters  that  will  be  obtained  are  the  releases  to  the  accessible 
environment  under  expected  conditions  over  the  first  1,000  yr  after  disposal. 

Description 

This  study  will  obtain  information  directly  from  studies  associated  with 
Issue  1.1  (total  system  performance,  Section  8.3.5.13).   The  difference 
between  this  issue  and  Issue  1.1  is  that  the  parameters  and  scenarios  to  be 
considered  in  this  issue  will  only  cover  the  first  1,000  yr  after  disposal 
under  expected  conditions,  whereas  Issue  1.1  examines  releases  over  10,000  yr 
under  expected  and  unexpected  conditions.  No  additional  information  is 
requested  under  this  activity. 


8.3.5.15.2.3  Application  of  results 

The  information  obtained  from  this  analysis  will  be  used  to  satisfy  the 
regulatory  requirements  of  40  CFR  191.16. 


8.3.5.15.3  Schedule  for  Issue  1.3  (ground-water  protection) 

Issue  1.3  (ground-water  protection)  includes  two  information  needs, 
which  contain  two  analyses.   The  schedule  information  for  these  performance 
assessment  activities  is  summarized  in  Figure  8.3.5.15-2.   This  figure 
includes  the  performance  assessment  activity  number  and  a  brief  description, 
as  well  as  major  events  associated  with  each  activity.  A  major  event,  for 
purposes  of  these  schedules,  may  represent  the  initiation  or  completion  of  an 
activity,  completion  or  submittal  of  a  report  to  the  DOE,  an  important  data 
feed,  or  a  decision  point.   Solid  lines  on  the  schedule  represent  activity 
durations  and  dashed  lines  show  interfaces  among  activities  as  well  as  data 
transferred  into  or  out  of  this  performance  assessment  issue.   The  events 
shown  on  the  schedule  and  their  planned  dates  of  completion  are  provided  in 
Table  8.3.5.15-2. 

The  analysis-level  schedules,  in  combination  with  information  provided 
in  the  logic  diagram  for  this  issue  (Figure  8.3.5.15-1),  are  intended  to 
provide  the  reader  with  a  basic  understanding  of  the  relationships  between 
major  elements  of  the  site,  performance,  and  design  programs.   The  infor- 
mation provided  in  Table  8.3.5.15-2  and  Figure  8.3.5.15-2,  however,  should  be 
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viewed  as  a  snapshot  in  time.   The  overall  program  schedule  presented  here  is 
consistent  with  the  Draft  Mission  Plan  Amendment  (DOE,  1988a) .   The  site 
characterization  program  will  undergo  a  series  of  refinements  following 
issuance  of  the  statutory  SCP .   Refinements  will  consider  factors  both 
internal  and  external  to  the  site  characterization  program,  such  as  changes 
to  the  quality  assurance  program.   Such  refinements  are  to  be  considered  in 
ongoing  planning  efforts,  and  changes  that  are  implemented  will  be  reflected 
in  the  semiannual  progress  reports.   Summary  schedule  information  for  each 
information  need  of  this  issue  can  be  found  in  Section  8.5.2.2. 
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8.3.5.16  Issue  resolution  strategy  for  Issue  1.7:  Will  the  performance- 
confirmation  program  meet  the  requirements  of  10  CFR  60.137? 

Regulatory  basis  for  the  issue 

Issue  1.7  addresses  the  NRC  requirements  for  performance  confirmation. 
10  CFR  60.137  requires  that  the  repository  be  designed  to  permit  implementa- 
tion of  a  performance  confirmation  program  in  accordance  with  the  require- 
ments of  Subpart  F  of  10  CFR  Part  60.   Subpart  F  gives  both  general  and  spe- 
cific requirements  for  a  program  directed  toward  confirming  that  the  actual 
subsurface  conditions  and  changes  in  those  conditions  during  construction  and 
operations  are  within  the  limits  specified  in  the  license  application  (10  CFR 
60.140(a)  (1)),  and  that  the  natural  and  engineered  systems  are  functioning  as 
intended  and  anticipated  (10  CFR  60.140(a)  (2)).   The  program  is  to  be  started 
during  site  characterization  and  continued  until  permanent  closure  (10  CFR 
60.140(b)).   Specific  data  collection  activities  are  required,  and  subsurface 
conditions  are  to  be  evaluated  and  compared  with  the  original  (license  appli- 
cation) design  bases  and  assumptions  to  determine  if  changes  are  needed  in 
design  to  accommodate  actual  field  conditions  encountered  (10  CFR  60.141). 
Differences  and  changes  must  be  reported  to  the  NRC  (10  CFR  60.141(a)).   The 
program  must  also  test  the  effectiveness  of  engineered  portions  of  the  repos- 
itory (10  CFR  60.142),  and  the  waste  packages  (10  CFR  60.143).   The  construc- 
tion authorization  from  the  NRC  will  incorporate  provisions  requiring  that 
the  DOE  provide  additional  information  during  construction  with  respect  to 
(1)  differences  between  actual  conditions  and  the  repository  design  basis 
(provided  in  the  license  application),  (2)  any  deficiencies  in  the  design  and 
construction  that  could  adversely  affect  safety,  and  (3)  research  and 
development  results  intended  to  resolve  safety  issues  (10  CFR  60.32(b)).   The 
performance  confirmation  program  will  be  designed  to  address  appropriate 
portions  of  these  information  requirements. 

As  defined  in  10  CFR  Part  60.2, 

performance  confirmation  means  the  program  of  tests,  experiments, 
and  analyses  which  is  conducted  to  evaluate  the  accuracy  and 
adequacy  of  the  information  used  to  determine  with  reasonable 
assurance  that  the  performance  objectives  for  the  period  after 
permanent  closure  will  be  met. 

The  repository  must  be  designed  so  as  to  permit  the  performance  confirmation 
program  to  be  implemented  (10  CFR  60.137),  and  the  program  must  include  tests 
that  the  NRC  deems  appropriate  (10  CFR  60.74(b)).  A  performance  confirmation 
plan  will  be  available  in  the  same  time  frame  as  the  license  application  to 
guide  the  development  and  implementation  of  the  program. 

The  DOE  considers  that  the  repository  conditions  and  design  assumptions 
integral  to  demonstrating  compliance  with  the  postclosure  performance  objec- 
tives should  be  the  primary  subject  of  the  performance  confirmation  program. 
In  addition,  the  validity  of  models  and  the  assumptions  and  uncertainties 
associated  with  their  application  to  demonstrate  compliance  with  these 
objectives  are  crucial  aspects  to  be  addressed  by  the  performance  confirma- 
tion program.  These  aspects  are  also  discussed  in  Section  8.3.1.1  (overview 
of  the  site  program)  and  Section  8.3.5.20  (analytical  techniques  requiring 
significant  development) .   The  DOE  has  specified  that  collection  of  data  and 
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performance  of  analyses  to  support  the  license  application  be  adequate  to 
quantify  site  performance  and  demonstrate  that  conceptual  model (s)  adequately 
represent  relevant  processes.   This  requirement  was  used  to  determine  which 
data  collection  and  analysis  activities  must  be  completed  prior  to  submittal 
of  the  license  application  and  which  should  be  continued,  as  part  of  the 
performance  confirmation  program,  to  confirm  the  assumptions  presented  in  the 
license  application.   The  portion  of  the  performance  confirmation  program 
that  succeeds  the  license  application  will  be  designed  to  confirm  that  the 
models  chosen  from  the  suite  of  alternatives  continue  to  be  the  alternatives 
most  consistent  with  site  data.   This  is  consistent  with  the  requirements  of 
10  CFR  60.140(a) (1)  and  (2).   The  confirmation  program  implemented  following 
submittal  of  the  license  application  will  be  based  on  tests  begun  during  site 
characterization  and  continuing  in  various  forms  through  permanent  closure. 

For  purposes  of  implementing  10  CFR  60  Subpart  F,  the  DOE  has  estab- 
lished a  performance  confirmation  program  consisting  of  two  phases  (shown 
schematically  in  Figure  8.3.5.16-1):   (1)  a  baseline  phase  ending  with  the 
submittal  of  the  license  application  for  construction  authorization  (10  CFR 
60.140(d)  (2)),  and  (2)  a  confirmation  phase  that  begins  with  the  submittal  of 
the  license  application  and  ends  with  the  approval  of  the  license  amendment 
for  permanent  closure  (10  CFR  60.51).   The  confirmation  phase  is  subdivided 
into  three  periods:   (1)  an  interim  period,  ending  with  the  issuance  of  the 
construction  authorization,  during  which  performance  confirmation  activities 
will  be  consistent  with  the  requirements  of  10  CFR  60.140(d) (2);  (2)  the 
construction  period,  ending  with  the  issuance  of  the  license  to  accept  waste, 
during  which  the  appropriate  requirements  of  10  CFR  60.141  and  60.142  will  be 
addressed;  and  (3)  the  operation  period,  ending  with  the  license  amendment 
for  permanent  closure,  during  which  the  confirmation  activities  under  10  CFR 
60.141  and  60.142  will  be  continued  and  additional  testing  and  monitoring 
will  be  initiated  to  meet  the  intent  of  10  CFR  60.143.   The  performance 
confirmation  program  ends  with  the  issuance  of  the  license  amendments  for 
closure  (10  CFR  60.51)  and  license  termination  (10  CFR  60.52). 

Technical  background  and  licensing  strategy 

The  performance  confirmation  program  is  the  program  of  testing,  analy- 
sis, and  monitoring  activities  required  to  confirm  assumptions  regarding  the 
subsurface  conditions  at  the  site  and  the  functioning  of  the  engineered  and 
natural  systems  as  predicted  by  the  performance  assessment  calculations  pre- 
sented in  the  license  application.  At  the  time  of  license  application 
submittal,  sufficient  information  must  be  provided  to  allow  the  commission  to 
determine,  with  reasonable  assurance,  that  the  geologic  repository  will  not 
pose  unreasonable  risk  to  the  health  and  safety  of  the  public.  Understanding 
of  the  site  and  confidence  in  the  ability  to  predict  the  performance  of  the 
site  and  engineered  barriers  will  increase  as  the  project  progresses.  The 
purpose  of  the  performance  confirmation  program  (which  will  be  continued 
until  permanent  closure)  is  to  supply  added  confidence,  beyond  that  supplied 
in  the  license  application,  that  the  actual  subsurface  conditions  are  within 
the  limits  assumed  for  the  geotechnical  and  design  parameters  in  the  license 
application  and  that  the  engineered  and  natural  systems  of  the  repository  are 
functioning  as  anticipated  to  meet  the  long-term  performance  objectives  for 
containment  and  isolation. 


3.5.16-2 


DECEMBER  1988 


LLI 
CO 
< 

X 
Q. 

z 
o 

tr 


O 

o 


< 

cc 

LU 

o 


z 
o 
I- 
o 

3 
CC 
I- 
CO 

z 
o 
o 


LU 


HI 

z 

_l 
LU 
CO 

< 


LU 

co 
< 

X 
Q. 


2J.  £2. 

o  o  o 

^   ^   TT 

T—      ^      ^ 

odd 

CO   CO    CO 

OC  cc  cc 

LL   U_   LL 

o  o  o 

o  o  o 


t-^  c^  CO 

S  s  s 

o  o  o 

t   ^   ^ 

odd 

CO   CO   CO 

cc  cc  cc 

LL    Li.    LL 

o  o  o 

o  o  o 


o 

CO 

cr. 
u. 
o 

o 


cu 


CM 


*~.  d 

O    CO 
CO   cj. 

CT  LL 
LL   O 

Oo 

O  r- 


O 
CO 


o 

o 


LU 
O 

z 
< 

cc 

o 

LL 
CC 
LU 
0- 

LU 
O 
Q 
LL 

O 

CO 

LU 
CO 

< 

I 

Q_ 


< 

cc 
O 
O 
cc 

Q_ 

z 
o 

cc 

LL 

z 
o 
o 


Q 

Z 

<  CO 

LLI 

z 

LU 

CD 

s 

LU 

z 

m 

cr 

_J 

Q-O 

LU 

O  1-  CO 

_l 

-z. 
o 

< 

LU 

> 

CO 

LU 

2 

z 

Q 

co 

LU         LU 

ZQCD 
ZJ  z  z 

LU  **  < 
5  I-  O  LU 

goS5 


LU 

o 
z 
< 

cr 
Z  Q  cr 

8i^ 


la 


NOIlVWdldNOO  30NVWdOdH3d 

do  S3Aii03rao 


z 
g 


LU 

Q_ 

o 


z 
o 

h- 
o 

cr 

t- 
co 
z 
o 
o 


Oco 
< 


< 
g 

_i 

Q_ 
Q_ 
< 
LU 
CO 

z 

LU 
O 


z 
g 


LU 

E 

CO 


<] 


< 


< 


k3 


o 


LU 

3 

! 

CO 

O 

— 

_i 

o 

a 

Q. 

* 

z  z 

Q  O 

11 

pc  cc 

II 


E 

bO 
O 


o 


o 

D. 


E 
re 

bO 
O 


Q. 


o 


LUQ  < 

CO  H  H 
Z  <  t 
LU  O  5 

orjcn 

Cl  CO 


< 

C05 

o 
o 

LU 

cr 


o 

O  2 

sd  < 

O  cc 

£  o 

o  o 

LU  OC 

I  0. 

1-  > 

CO 

U-  OC 

LU 

O  O 

Z 

r/)b 

o 

LU  CO 

tt  fc 

CO  O 

y  lu 
<  d 

<  a. 

I  LU 

CL  cc 

^  2 

-D 

o 

-D 
c 
ra 

in 
v 
tn 

H 

-C 


-Q  o 

O  .c 

•^  *^ 

*j  ,E 

t  '> 

o  •= 

U  -D 


1-1 


u 


3 

oc  "5 


8.3.5.16-3 


DECEMBER  1988 

The  DOE's  performance  confirmation  program,  as  discussed  later  in  more 
detail,  consists  of  a  baseline  phase  that  includes  collection  of  data  that  is 
a  subset  of  the  data  collected  during  site  characterization  and  a  subsequent 
confirmation  phase  that  involves  the  testing  and  monitoring  needed  to  add 
additional  confidence  to  the  assumptions  and  performance  assessments  provided 
in  the  license  application.   The  DOE's  position  is  that  the  subset  of  the 

site  characterization  activities  presently  planned  to  obtain  and  evaluate 
baseline  information  on  conditions  at  the  site,  and  to  monitor  and  analyze 
changes  from  these  conditions  as  a  result  of  site  characterization,  meets  the 
requirements  of  10  CFR  60.140(d)  (2)  and  (3)  for  that  part  of  the  performance 
confirmation  program  that  could  reasonably  be  expected  to  begin  during  site 
characterization.   Therefore,  no  performance  confirmation  activities  for  the 
baseline  phase  have  been  specified  in  addition  to  the  site  characterization 
activities  already  planned.  The  information  and  data  needs  identified 
through  the  performance  allocation  process  represent  the  baseline  information 
on  site  parameters  and  natural  processes  that  will  be  obtained  during  site 
characterization . 

During  site  characterization,  information  is  gathered  (1)  to  evaluate 
the  suitability  of  the  site,  (2)  to  develop  a  suitable  design,  and  (3)  to 
make  defensible  performance  assessments  to  establish  with  reasonable  assur- 
ance that  the  performance  objectives  will  be  met.  Most  of  the  postclosure 
performance  issues  have  been  designed  to  address  the  NRC's  performance  objec- 
tives.  Through  the  activities  undertaken  to  support  resolution  of  these 
issues  (Issue  1.1  through  1.6),  information  will  be  made  available  to  demon- 
strate compliance  with  the  related  performance  objectives.  The  DOE's  issue 
resolution  strategy,  as  described  in  Section  8.1,  involves  an  iterative 
process  of  testing  and  analyses.  When  sufficient  information  is  gathered  to 
prepare  defensible  performance  assessments  for  the  license  application,  the 
DOE's  issue  resolution  process  for  the  license  application  can  be  considered 
complete  and  the  results  documented.   Information  supporting  the  resolution 
of  performance  issues  (that  is,  demonstrating  compliance  with  the  performance 
objectives)  will  be  included  in  the  license  application.   This  information 
will  be  supplemented,  as  necessary  during  the  licensing  proceedings  and  at 
each  stage  of  repository  development,  by  testing  and  monitoring  to  be 
conducted  under  the  confirmation  phase  of  the  performance  confirmation 
program  designed  to  satisfy  the  applicable  and  appropriate  requirements  of 
10  CFR  60.140-143. 

The  details  of  the  testing  and  monitoring  activities  of  the  performance 
confirmation  program  to  be  conducted  following  the  submittal  of  the  license 
application  are  expected  to  be  developed  and  the  baseline  phase  conducted  in 
conjunction  with  the  issue  resolution  process  during  site  characterization. 
The  resolution  of  Issue  1.7  is  linked  to  the  resolution  of  Issues  1.1  through 
1 . 6  in  that  the  performance  assessments,  issue  resolution  strategies,  and 
baseline  data  developed  during  site  characterization  to  support  issue  resolu- 
tion in  the  license  application  will,  in  large  measure,  determine  the  nature 
of  the  information  to  be  obtained  under  the  confirmation  phase  of  the  per- 
formance confirmation  program.  At  the  beginning  of  site  characterization, 
only  very  general  plans  for  the  program  can  be  defined.   The  plans  will 
mature  in  parallel  with  the  development  of  the  assessments  needed  for  the 
license  application  as  the  parameters  and  measurements  most  significant  to 
the  confirmation  program  are  identified.   Preliminary  design  provisions  for 
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accommodating  performance  confirmation  testing  and  monitoring  in  the  reposi- 
tory are  given  in  the  SCP  Conceptual  Design  Report  (SNL,  1987) .  As  issues 
are  resolved  to  support  the  license  application,  the  testing  and  monitoring 
activities  to  be  conducted  under  the  performance  confirmation  program  will 
become  better  defined.  Development  of  the  details  for  each  phase  of  the 
performance  confirmation  program  will  proceed  in  accordance  with  the  general 
schedule  indicated  in  Figure  8.3.5.16-1. 

As  stated  previously,  Issue  1.7  focuses  on  the  performance  confirmation 
program  responding  to  Subpart  F  of  10  CFR  Part  60.   Based  on  the  content  of 
Subpart  F,  the  objectives  to  be  met  by  the  DOE's  performance  confirmation 
program  can  be  described  as  follows: 

1.  Develop  baseline  information:  Develop  information  on  subsurface 
conditions  and  natural  systems  important  to  the  performance  assess- 
ments to  be  provided  in  the  license  application  and  those  aspects  of 
design  integral  to  the  assessments  (10  CFR  60.140(d)  (2));  monitor 
and  analyze  changes  in  this  baseline  information  as  a  result  of  site 
characterization,  and  predict  changes  resulting  from  construction 
and  operation  (10  CFR  60.140(d)  (3));  begin  collection  of  such 
information  during  site  characterization  (10  CFR  60.140(b)). 

2.  Confirm  baseline  information:  Confirm,  to  the  extent  practicable, 
that  actual  subsurface  conditions  and  the  changes  in  those  condi- 
tions resulting  from  construction  and  operation  are  within  the 
limits  assumed  in  the  license  application  (10  CFR  60.140(a)  (1) 
and  (d) (3);  10  CFR  60.141) . 

3.  Confirm  barrier  and  seal  performance:  Confirm,  to  the  extent  practi- 
cable, that  natural  and  engineered  systems  and  components  that  are 
designated  or  assumed  to  operate  as  barriers  after  permanent  closure 
are  functioning  as  intended  and  anticipated  within  the  limits 
described  in  the  license  application  (10  CFR  60.140(a) (2);  10  CFR 
60.142-143)) . 

These  objectives  will  be  pursued  in  a  manner  that  does  not  adversely  affect 
the  ability  of  the  natural  and  engineered  barriers  to  meet  the  performance 
objectives,  as  required  by  10  CFR  60.140(d) (1) .   This  concern  is  addressed 
specifically  in  Section  8.4.3,  which  is  applicable  to  the  baseline  phase  of 
performance  confirmation  that  will  be  conducted  during  site  characterization. 
If,  at  any  time,  the  monitoring  or  testing  being  conducted  as  part  of  site 
characterization  (for  example,  the  multipurpose  borehole  tests)  indicates 
that  changes  being  brought  about  by  characterization  activities  (e.g.,  shaft 
sinking)  may  adversely  affect  repository  performance,  appropriate  analyses 
and  mitigation  actions  will  be  implemented  as  required  by  10  CFR 
60.140(d)  (4)  . 

Figure  8.3.5.16-1  shows  the  phases  of  the  DOE's  performance  confirmation 
program  relative  to  the  stages  of  the  overall  repository  program.  The  DOE's 
performance  confirmation  program,  as  discussed  earlier,  is  divided  into  base- 
line and  confirmation  phases,  with  the  submittal  of  the  license  application 
serving  as  a  convenient  demarcation  between  phases.   Before  the  license 
application,  site  characterization  testing  provides  for  baseline  data  on  site 
conditions  important  to  repository  design  and  performance,  monitoring  of 
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changes  in  those  conditions  as  a  result  of  site  characterization,  predictions 
of  changes  in  those  conditions  as  a  result  of  construction  and  operation,  and 
predictions  of  repository  performance  after  closure. 

With  the  submittal  of  the  license  application,  the  DOE  begins  the  formal 
licensing  process  with  the  NRC.   The  license  application  will  present  the 
performance  assessments  intended  to  show  that  repository  performance  will 
satisfy  the  regulatory  postclosure  performance  objectives  and  will  also 
present  the  data  on  site  conditions  upon  which  the  repository  design  and 
performance  assessments  are  based.   Further  data  gathering  activities  after 
the  application  is  submitted  are  intended  to  be  confirmatory  or  for  other 
purposes,  such  as  design  optimization. 

A  subset  of  the  testing  conducted  during  site  characterization  to 
support  the  resolution  of  the  performance  and  design  issues  in  the  license 
application  will  provide  the  baseline  data  needed  to  meet  the  reguirements  of 
10  CFR  60.140(d) (2), (3) .   This  includes  baseline  data  on  the  parameters 
important  to  design  and  performance,  as  well  as  data  on  natural  processes 
that  may  be  changed  by  site  characterization,  construction,  and  operational 
activities.  All  the  activities  presently  reguired  to  obtain  this  baseline 
information  are  included  in  the  site  characterization  program,  and  the 
information  needed  is  identified  in  the  performance  allocation  tables.   If, 
based  on  data  and  other  information  gathered  during  site  characterization, 
the  need  for  additional  baseline  information  is  identified,  the  baseline 
phase  of  the  performance  confirmation  program  will  be  appropriately  expanded 
or  otherwise  modified. 

Some  of  the  site  characterization  activities  that  also  meet  reguirements 
of  10  CFR  60.140(d)  (2)  and  (3)  for  performance  confirmation  during  the  base- 
line phase  will  be  continued  past  the  license  application  submittal  date,  if 
continuation  of  these  activities  would  produce  useful  data  of  a  confirmatory 
nature.   Such  activities  fall  into  two  general  categories:  (1)  long-term 
monitoring  of  natural  processes,  events,  or  site  conditions  (e.g.,  seismic 
monitoring  and  monitoring  of  unsaturated  zone  hydrologic  parameters)  and 
(2)  long-duration  in  situ  testing  to  characterize  processes  and  evaluate 
conceptual  models  (e.g.,  in  situ  testing  of  flow  processes  in  the  unsaturated 
zone) .  These  activities  are  also  consistent  with  and  would  support  the 
reguirements  of  10  CFR  60.141  for  confirmation  of  geotechnical  and  design 
parameters  during  construction  and  operation.  Data  collected  from  such 
activities  during  characterization  would  be  used  in  licensing  assessments. 

Tables  8.3.5.16-1  and  -2  list  the  testing  and  monitoring  activities  in 
each  of  the  above  categories  that  have  been  tentatively  identified.   Included 
in  the  tables  are  the  test  titles,  locations,  purposes,  value  for  performance 
or  design  confirmation,  approximate  dates,  and  the  SCP  section  that  provides 
the  information.  The  column  describing  the  value  of  the  activity  to  perform- 
ance or  design  confirmation  provides  a  link  between  the  performance  confir- 
mation program  and  the  appropriate  regulatory  reguirements  or  technical  con- 
cerns relating  to  repository  performance.   In  addition  to  these  long-duration 
monitoring  and  testing  activities  to  be  conducted  as  part  of  site  characteri- 
zation and  continued  into  the  confirmation  phase,  certain  tests  may  be  ident- 
ified as  being  necessary  for  confirmation  only.   If  the  time  scales  for  such 
testing  are  long,  they  may  be  initiated  during  site  characterization.   A 
test  currently  identified  in  this  category  is  the  heated  room  test  shown  in 
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Table  8.3.5.16-2.  These  lists  are  not  intended  to  be  complete,  but  rather  to 
indicate  the  tests  that  have  been  tentatively  identified  at  this  time  as 
being  useful  for  performance  confirmation.  As  issue  resolution  proceeds 
during  site  characterization,  confirmation  phase  testing  and  monitoring 
activities  may  be  added  or  deleted. 

The  performance  confirmation  program  draws  upon  baseline  data  collected 
during  site  characterization.   The  manner  in  which  these  baseline  data  are 
used  in  performance  assessment  determines  the  extent  of  the  testing  and  mon- 
itoring activities  needed.  During  the  baseline  phase,  details  of  the  per- 
formance confirmation  program  will  evolve  in  parallel  with  the  development  of 
the  performance  assessments.   In  the  license  application,  the  assessments  of 
site  performance  will  be  presented,  accompanied  by  information  that  describes 
the  testing  and  monitoring  needed  to  evaluate  the  accuracy  and  adeguacy  of 
the  information  and  models  used  in  those  assessments.   The  repository  design 
presented  in  the  license  application  will  also  contain  any  features  (test 
rooms,  monitoring  stations,  etc.)  determined  to  be  necessary  for  the  testing 
and  monitoring  activities  to  be  conducted  as  part  of  the  performance  con- 
firmation program. 

As  shown  in  Figure  8.3.5.16-1,  the  confirmation  phase  follows  the  base- 
line phase.  During  the  confirmation  phase,  predictions  of  baseline  condi- 
tions and  the  changes  caused  by  repository  construction  and  operation  are  to 
be  confirmed  (objective  2) ,  to  the  extent  practicable,  along  with  barrier  and 
seal  performance  (objective  3) .   The  confirmation  phase  consists  of  three 
divisions:  the  interim  confirmation  period  (the  period  after  the  license 
application  submittal  until  issuance  of  the  construction  authorization)  and 
the  construction  and  operation  period  (beginning  with  repository  construction 
and  ending  with  the  receipt  of  the  license  to  accept  waste) ,  and  the  opera- 
tions period  (ending  with  the  approval  of  the  license  amendment  for  permanent 
closure) .  During  license  application  review  (the  interim  confirmation 
period) ,  the  DOE  will  continue  to  conduct  testing  and  monitoring  activities, 
such  as  those  indicated  in  Tables  8.3.5.16-1  and  -2,  both  at  the  site  and  in 
the  exploratory  shaft  facility.   This  testing  will  serve  to  confirm  baseline 
conditions  and  support  the  predictions  of  changes  to  these  conditions.  Once 
the  construction  phase  begins,  predicted  changes  in  site  conditions  (10  CFR 
60.141),  as  well  as  the  assumed  performance  of  the  natural  and  engineered 
systems  (10  CFR  60.142),  can  be  confirmed  by  the  testing  and  monitoring 
programs  conducted  during  this  phase.  During  the  operation  period,  the 
performance  confirmation  program  designed  to  meet  the  reguirements  in  10  CFR 
60.141  and  60.142  will  be  continued  and  additional  confirmation  activities 
will  be  initiated  to  meet  the  requirements  of  10  CFR  60.143. 

As  mentioned  previously,  results  of  postclosure  performance  assessments 
are  based  on  the  site  characterization  and  involve  predictions  of  performance 
into  the  postclosure  time  frame.   These  long-term  predictions  are  made  on  the 
basis  of  conceptual  models  that  are  evaluated  using  data  acquired  over 
shorter  time  frames,  and  possibly  through  the  use  of  natural  analogs.   To 
confirm  these  performance  assessments,  surrogates  for  the  barrier  performance 
that  can  be  measured  by  field  and  laboratory  testing  must  be  defined.   These 
surrogates  are  appropriately  referred  to  as  confirmation  measures.  These 
measures  are  not  substitutes  for  performance  but  rather  testable  measures 
that,  if  they  achieve  target  values  or  goals,  will  give  confidence  that  the 
performance  objectives  will  be  met.  These  measures  are  then  the  focus  of  the 
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testing,  monitoring,  and  analysis  efforts  designed  to  confirm  their  predicted 
behavior.   For  example,  corrosion  rates  for  container  materials  could  be  used 
as  a  confirmation  measure  for  the  waste-package  containment  performance 
objective. 

The  confirmation  measures  eventually  identified  will  probably  be  closely 
related  to  some  of  the  performance  measures  or  parameters  developed  through 
the  performance  allocation  process.   Confirmation  measures  will  be  derived 
that  relate  to  waste  package  containment,  engineered  barrier  release,  and 
backfill  and  seal  behavior.   Based  on  site-specific  needs,  additional  meas- 
ures may  be  identified.   Testing  to  confirm  the  predicted  values  of  confirma- 
tion measures  may  be  initiated  as  early  as  site  characterization,  but  will 
most  likely  take  place  during  the  construction/operation  phase. 

Postclosure  performance  predictions  are  largely  based  on  numerical 
modeling,  and  therefore,  a  program  for  the  evaluation  of  the  numerical  models 
to  be  be  used  is  an  important  part  of  the  confirmation  program.   The  models 
of  concern  to  the  performance  confirmation  program  are  those  used  in  the 
license  application  to  predict  long-term  performance  and  from  which  the 
values  of  the  confirmation  measures  may  be  identified.   Evaluations  of  these 
models  will  have  been  begun  during  the  site  characterization  period  and  will 
continue  as  needed  until  permanent  closure  and  the  models  are  considered  to 
be  consistent  with  site  data  and  to  adequately  represent  the  conditions  and 
processes  at  the  site.  Parameters  critical  to  the  evaluation  of  models  will 
be  identified  during  the  baseline  phase  (site  characterization) .  Any 
confirmation  phase  testing  judged  necessary  to  supply  added  confidence  to 
model  evaluation  efforts  will  be  identified  and  may  be  initiated  during  the 
license  application  review  period,  consistent  with  the  development  of  the 
detailed  plans  for  confirmation  phase  testing  and  monitoring.  Section 
8.3.1.1  discusses  alternate  model  evaluations  and  hypothesis  testing,  while 
Section  8.3.5.20  discusses  numerical  model  validation  and  the  specific 
testing  currently  planned. 
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8.3.5.17  Issue  resolution  strategy  for  Issue  1.8:   Can  the  demonstrations 
for  favorable  and  potentially  adverse  conditions  be  made  as 
required  by  10  CFR  60.122? 

Regulatory  basis  for  the  issue 

Postclosure  Performance  Issue  1.8  addresses  the  NRC  siting  criteria. 
These  criteria,  set  forth  in  10  CFR  60.122,  consist  of  two  sets  of  conditions 
that  describe  human  activities  and  natural  conditions,  processes,  and  events. 
The  first  set  (10  CFR  60.122(b))  encompasses  eight  favorable  conditions  (FCs) 
that  could  enhance  the  ability  of  a  site  to  meet  the  performance  objectives 
relating  to  the  isolation  of  waste  if  they  were  present  at  the  site.   These 
favorable  conditions  are  shown  in  Table  8.3.5.17-1.   The  second  set  (10  CFR 
60.122(c))  encompasses  24  conditions  (potentially  adverse  conditions,  or 
PACs)  that  could  adversely  affect  the  ability  of  a  site  to  meet  the  perform- 
ance objectives  relating  to  the  isolation  of  waste  if  they  were  present  at 
the  site.   These  potentially  adverse  conditions  are  shown  in  Table 
8.3.5.17-2. 

The  siting  criteria  also  include  requirements  for  the  demonstrations 
that  must  be  made  regarding  these  conditions.   For  each  potentially  adverse 
condition  determined  to  be  present,  the  NRC  requires  that  the  following  be 
demonstrated: 

(i)   The  potentially  adverse  human  activity  or  natural  condition  has 
been  adequately  investigated,  including  the  extent  to  which  the 
condition  may  be  present  and  still  be  undetected,  taking  into 
account  the  degree  of  resolution  achieved  by  the  investigations; 
and 

(ii)   The  effect  of  the  potentially  adverse  human  activity  or  natural- 
condition  on  the  site  has  been  adequately  evaluated  using  analyses 
which  are  sensitive  to  the  potentially  adverse  human  activity  or 
natural  condition  and  assumptions  which  are  not  likely  to  under- 
estimate its  effect;  and 

(iii)       (A)   The  potentially  adverse  human  activity  or  natural  condi- 
tion is  shown  by  analysis  pursuant  to  paragraph 
(a)  (2)  (ii)  of  this  section  not  to  affect  significantly 
the  ability  of  the  geologic  repository  to  meet  the 
performance  objectives  relating  to  isolation  of  the 
waste,  or 

(B)  The  effect  of  the  potentially  adverse  human  activity  or 
natural  condition  is  compensated  by  the  presence  of  a 
combination  of  the  favorable  characteristics  so  that  the 
performance  objectives  relating  to  isolation  of  the  waste 
are  met,  or 

(C)  The  potentially  adverse  human  activity  or  natural 
condition  can  be  remedied. 
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Table  8.3.5.17-1.   Favorable  conditions,  Performance  Issue  1.8  (Nuclear 

Regulatory  Commission  siting  criteria)3 


Favorable  condition  Text  of  the  condition 


The  nature  and  rates  of  tectonic,  hydrogeologic, 
geochemical,  and  geomorphic  processes  (or  any  of 
such  processes)  operating  within  the  geologic 
setting  during  the  Quaternary  Period,  when 
projected,  would  not  affect  or  would  favorably 
affect  the  ability  of  the  geologic  repository  to 
isolate  the  waste. 

For  disposal  in  the  saturated  zone,  hydrogeologic 
conditions  that  provide  - 

(i)   A  host  rock,  with  low  horizontal  and  vertical 
permeability; 

(ii)  Downward  or  dominantly  horizontal  hydraulic 
gradient  in  the  host  rock  and  immediately 
surrounding  hydrogeologic  units;  and 
(iii)  Low  vertical  permeability  and  low  hydraulic 
gradient  between  the  host  rock  and  the  surrounding 
hydrogeologic  units. 

Geochemical  conditions  that  - 

(i)  Promote  precipitation  or  sorption  of 

radionuclides; 

(ii)  Inhibit  the  formation  of  particulates, 

colloids,  and  inorganic  and  organic  complexes  that 

increase  the  mobility  of  radionuclides;  or 

(iii)   Inhibit  the  transport  of  radionuclides  by 

particulates,  colloids,  and  complexes. 

Mineral  assemblages  that,  when  subjected  to  antici- 
pated thermal  loading,  will  remain  unaltered  or 
alter  to  mineral  assemblages  having  egual  or 
increased  capacity  to  inhibit  radionuclide 
migration. 

Conditions  that  permit  the  emplacement  of  waste  at  a 
minimum  depth  of  300  meters  from  the  ground 
surface.   (The  ground  surface  shall  be  deemed  to  be 
the  elevation  of  the  lowest  point  on  the  surface 
above  the  disturbed  zone.) 

A  low  population  density  within  the  geologic  setting 
and  a  controlled  area  that  is  remote  from 
population  centers. 
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Table  8.3.5.17-1. 


Favorable  conditions,  Performance  Issue  1.8  (Nuclear 
Regulatory  Commission  siting  criteria)3 
(continued) 


Favorable  condition 


Text  of  the  condition 


Pre-waste-emplacement  travel  time  along  the  fastest 
path  of  likely  radionuclide  travel  from  the 
disturbed  zone  to  the  accessible  environment  that 
substantially  exceeds  1,000  yr. 


For  disposal  in  the  unsaturated  zone,  hydrogeologic 
conditions  that  provide- 

(i)   Low  moisture  flux  in  the  host  rock  and  in  the 
overlying  and  underlying  hydrogeologic  units; 
(ii)   A  water  table  sufficiently  below  the 
underground  facility  such  that  fully  saturated 
voids  contiguous  with  the  water  table  do  not 
encounter  the  underground  facility; 
(iii)   A  laterally  extensive  low-permeability 
hydrogeologic  unit  above  the  host  rock  that  would 
inhibit  the  downward  movement  of  water  or  divert 
downward  moving  water  to  a  location  beyond  the 
limits  of  the  underground  facility; 
(iv)   A  host  rock  that  provides  for  free  drainage; 
or  (v)   A  climatic  regime  in  which  the  average 
annual  historic  precipitation  is  a  small  percentage 
of  the  average  annual  potential  evapotranspiration. 


'Quoted  from  10  CFR  60.122(b) . 
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Table  8.3.5.17-2.   Potentially  adverse  conditions,  Performance  Issue  1.8 

(Nuclear  Regulatory  Commission  siting  criteria) a 


Potentially  adverse  condition  Text  of  the  condition 


Potential  for  flooding  of  the  underground 
facility,  whether  resulting  from  the 
occupancy  and  modification  of  floodplains 
or  from  the  failure  of  existing  or 
planned  man-made  surface  water 
impoundments. 

Potential  for  forseeable  human  activity  to 
adversely  affect  the  ground-water  flow 
system,  such  as  ground-water  withdrawal, 
extensive  irrigation,  subsurface  injec- 
tion of  fluids,  underground  pumped 
storage,  military  activity  or  construc- 
tion of  large  scale  surface  water 
impoundments. 

Potential  for  natural  phenomena  such  as 
landslides,  subsidence,  or  volcanic 
activity  of  such  magnitude  that 
large-scale  surface  water  impoundments 
could  be  created  that  could  change  the 
regional  ground-water  flow  system  and 
thereby  adversely  affect  the  performance 
of  the  geologic  repository. 

Structural  deformation,  such  as  uplift, 
subsidence,  folding  or  faulting,  that  may 
adversely  affect  the  regional  ground- 
water flow  system. 

Potential  for  changes  in  hydrologic  condi- 
tions that  would  affect  the  migration  of 
radionuclides  to  the  accessible  environ- 
ment, such  as  changes  in  hydraulic  grad- 
ient, average  interstitial  velocity, 
storage  coefficient,  hydraulic  conducti- 
vity, natural  recharge,  potentiometric 
levels,  and  discharge  points. 

Potential  for  changes  in  hydrologic  condi- 
tions resulting  from  reasonably 
forseeable  climatic  changes. 
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Potentially  adverse  conditions,  Performance  Issue  1.8 
(Nuclear  Regulatory  Commission  siting  criteria)3 
(continued) 


Potentially  adverse  condition 


Text  of  the  condition 


10 


11 


12 


13 


14 


15 


16 


Ground-water  conditions  in  the  host  rock, 
including  chemical  composition,  high 
ionic  strength,  or  ranges  of  Eh-pH,  that 
could  increase  the  solubility  or  chemical 
reactivity  of  the  engineered  barrier 
system. 

Geochemical  processes  that  would  reduce 
sorption  of  radionuclides,  result  in 
degradation  of  the  rock  strength,  or 
adversely  affect  the  performance  of  the 
engineered  barrier  system. 

Ground-water  conditions  in  the  host  rock 
that  are  not  reducing. 

Evidence  of  dissolutioning  such  as  breccia 
pipes,  dissolution  cavities  or  brine 
pockets. 

Structural  deformation,  such  as  uplift, 
subsidence,  folding,  and  faulting,  during 
the  Quaternary  Period. 

Earthquakes  that  have  occurred  historically 
that  if  they  were  to  be  repeated  could 
affect  the  site  significantly. 

Indications,  based  on  correlations  of 
earthquakes  with  tectonic  processes  and 
features,  that  either  the  frequency  of 
occurrence  or  magnitude  of  earthquakes 
may  increase. 

More  frequent  occurrence  of  earthquakes  or 
earthquakes  of  higher  magnitude  than  is 
typical  of  the  area  in  which  the  geologic 
setting  is  located. 

Evidence  of  igneous  activity  since  the 
start  of  the  Quaternary  Period. 

Evidence  of  extreme  erosion  during  the 
Quaternary  Period. 


.3.5.17-5 


DECEMBER  1988 

Table  8.3.5.17-2.   Potentially  adverse  conditions,  Performance  Issue  1.8 

(Nuclear  Regulatory  Commission  siting  criteria)3 
(continued) 


Potentially  adverse  condition  Text  of  the  condition 


17  The  presence  of  naturally  occurring 

materials,  whether  identified  or 

undiscovered,  within  the  site,  in  such  a 

form  that : 

(i)   Economic  extraction  is  currently 

feasible  or  potentially  feasible  during 

the  forseeable  future;  or 

(ii)   Such  materials  have  a  greater  gross 

value  or  net  value  than  the  average  for 

areas  of  similar  size  that  are 

representative  of  and  located  within  the 

geologic  setting. 

18  Evidence  of  subsurface  mining  for  resources 

within  the  site. 

19  Evidence  of  drilling  for  any  purpose  within 

the  site. 

20  Rock  or  ground-water  conditions  that  would 

require  complex  engineering  measures  in 
the  design  and  construction  of  the 
underground  facility  or  in  the  sealing  of 
boreholes  and  shafts. 

21  Geomechanical  properties  that  do  not  permit 

design  of  underground  openings  that  will 
remain  stable  through  permanent  closure. 

22  Potential  for  the  water  table  to  rise 

sufficiently  so  as  to  cause  saturation  of 
an  underground  facility  located  in  the 
unsaturated  zone. 

23  Potential  for  existing  or  future  perched 

water  bodies  that  may  saturate  portions 
of  the  underground  facility  or  provide  a 
faster  flow  path  from  an  underground 
facility  located  in  the  unsaturated  zone 
to  the  accessible  environment. 
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Table  8.3.5.17-2.   Potentially  adverse  conditions,  Performance  Issue  1.8 

(Nuclear  Regulatory  Commission  siting  criteria)3 
(continued) 


Potentially  adverse  condition  Text  of  the  condition 


24  Potential  for  the  movement  of  radionuclides 

in  a  gaseous  state  through  air-filled 
pore  spaces  of  an  unsaturated  geologic 
medium  to  the  accessible  environment. 


lQuoted  from  10  CFR  60.122(c) 


The  demonstration  requirements  for  the  favorable  conditions  are  not  as 
explicit  as  the  requirements  for  the  potentially  adverse  conditions.   The 
NRC,  in  10  CFR  60.122(a) (1),  requires  that 

A  geologic  setting  shall  exhibit  an  appropriate  combination  of 
the...  [favorable  conditions] ...  so  that,  together  with  the 
engineered  barrier  system,  the  favorable  conditions  present  are 
sufficient  to  provide  reasonable  assurance  that  the  performance 
objectives  relating  to  isolation  of  the  waste  will  be  met. 

This  requirement  from  10  CFR  Part  60  indicates  that  a  site  judged 
suitable  for  a  repository  does  not  necessarily  have  all  favorable  conditions. 
To  demonstrate  that  the  combination  of  conditions  is  appropriate,  the  safety 
analysis  report  in  the  license  application  to  the  NRC  is  required  to  contain 
"analyses  to  determine  the  degree  to  which  each  of  the  favorable  and  poten- 
tially adverse  conditions,  if  present,  has  been  characterized,  and  the  extent 
to  which  it  contributes  to  or  detracts  from  isolation"  (60.21(c) (1) (ii) (B) ) . 
For  those  potentially  adverse  conditions  that  could  detract  from  isolation, 
the  NRC  allows  a  site  to  rely  on  the  favorable  conditions  present  at  the  site 
to  compensate  for  the  potentially  adverse  conditions  (60.122(a)  (2)  (iii)  (B) ) . 
Thus,  the  presence  of  favorable  conditions  is  expected  to  contribute  sub- 
stantially to  the  demonstration  of  reasonable  assurance,  and  their  functions 
in  enhancing  isolation  will  be  included  explicitly,  whenever  it  is  feasible 
to  do  so,  in  calculations  demonstrating  compliance  with  the  performance 
objectives. 

Approach  to  resolving  the  issue 

Because  10  CFR  60.122  addresses  two  kinds  of  conditions,  two  strategies 
for  resolving  this  issue  have  been  developed  and  are  described  in  the 
following  section.   The  first  addresses  the  demonstrations  required  for  the 
potentially  adverse  conditions,  and  the  second  addresses  the  demonstrations 
required  for  the  favorable  conditions.  There  is  a  strong  tie  between  these 
strategies  and  the  strategy  for  resolving  Issue  1.1  (Section  8.3.5.13). 
Issue  1.1  addresses  the  NRC's  overall  system  performance  objective  (10  CFR 
60.112)  . 
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Significant  processes  and  events  will  be  investigated  through  the 
assessments  of  compliance  with  the  performance  objective.   These  significant 
processes  and  events,  including  natural  features  existing  at  the  site  and 
various  alternative  conceptual  models,  will  be  taken  into  account  by  develop- 
ing scenarios  that  specify  a  seguence  of  processes  and  events  potentially 
resulting  in  significant  impacts  on  the  repository  system  elements  important 
to  waste  isolation. 

The  DOE  intends  to  evaluate  in  the  overall  system  performance  assessment 
only  those  natural  processes  and  events  and  human  activities  that  are  suffi- 
ciently credible  to  warrant  consideration.   Generally,  categories  of  natural 
processes  and  events  and  human  activities  that  can  be  shown  to  have  a  likeli- 
hood of  less  then  one  chance  in  10,000  of  occurring  in  the  first  10,000  yr 
after  permanent  closure  will  be  excluded  from  the  postclosure  performance 
assessment.   These  processes,  events  and  activities  however,  will  be  investi- 
gated, as  necessary,  during  site  characterization  to  validate  such  a  determi- 
nation of  credibility  of  occurrence. 

Scenarios  will  be  developed  for  undisturbed  conditions  (those  conditions 
that  are  caused  by  likely  natural  events)  and  for  disturbed  conditions  (those 
conditions  that  are  caused  by  unlikely  yet  sufficient  credible  events) .  The 
term  "scenario  class"  is  used  in  the  resolution  strategy  of  Issue  1.1  to 
group  those  scenarios  involving  similar  types  of  events  and  processes.  The 
scenarios  for  undisturbed  conditions  are  grouped  into  the  normal-scenario 
class  (sometimes  referred  to  as  the  "expected  case",  anticipated  case",  and 
"undisturbed  case")  .   The  scenarios  for  undisturbed  conditions  are  grouped 
into  a  number  of  distruptive-scenario  classes.   The  screening  of  future 
events  and  processes  and  the  development  of  scenarios  and  scenario  classes  is 
described  in  detail  in  the  resolution  strategy  of  Issue  1.1  (Section 
8.3.5.13)  . 

The  strategies  for  Issue  1.8  (Section  8.3.5.17)  ensure  that  the  sce- 
narios and  scenario  classes  overall  system  performance  assessment  conducted 
through  the  resolution  of  Issue  1.1  consider  the  site  characteristics  with 
which  the  NRC  is  concerned,  specifically  the  favorable  and  potentially  ad- 
verse conditions  of  10  CFR  60.122.   To  conduct  a  realistic  performance 
assessment,  Issue  1.1  will  rely  upon  input  from  Issue  1.5  (engineered  barrier 
system  release  rates) ,  which  must  in  turn  consider  the  site  conditions 
specified  in  10  CFR  60.122.   The  strategy  for  resolving  Issue  1.1  is 
discussed  in  detail  in  Section  8.3.5.13. 

Issue  1.8  has  many  similarities  to  Issue  1.1;  the  two  issues  take  many 
of  the  same  site  conditions  into  account,  and  both  deal  with  the  effects  of 
site  conditions  on  the  isolation  of  the  waste.   They  do  not,  however,  have  to 
be  structured  identically.  Although  each  of  the  two  issues  will  reguire  both 
guantitative  and  qualitative  arguments  for  resolution,  the  DOE  expects  that 
the  resolution  of  Issue  1.8  will  rely  more  heavily  on  expert  geotechnical 
judgment.   The  resolution  of  Issue  1.1  will  result  in  a  definitive  quantita- 
tive demonstration  of  compliance  by  the  construction  of  the  cumulative 
complementary  distribution  function.   This  resolution  will  rely  on  qualita- 
tive reasoning  primarily  for  the  justification  of  the  conceptual  models  it 
uses  and  for  showing  the  reasonable  assurance  required  by  10  CFR  60.101. 
Because  10  CFR  60.122  makes  explicit  reference  to  meeting  the  waste-isolation 
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performance  objectives,  the  resolution  of  Issue  1.8  cannot  be  wholly  qualita- 
tive.  It  can,  however,  be  a  forum  for  full  expression  of  sound  qualitative 
technical  judgment  on  the  site's  ability  to  isolate  waste.   The  DOE  expects 
that  such  judgments  can  frequently  be  made  without  recourse  to  complex  calcu- 
lations of  releases  to  the  accessible  environment;  for  example,  modeling  of 
ground-water  flow  may  be  used  to  address  increases  in  water-table  elevations 
and  in  infiltration.   Such  simpler  calculations  and  the  use  of  expert 
geotechnical  judgment  will  play  important  roles  in  the  resolution  of 
Issue  1.8. 

Strategy  for  addressing  the  potentially  adverse  conditions 

In  10  CFR  60.122  the  NRC  states  that  these  conditions  are  potentially 
adverse  if  they  are  characteristic  of  the  controlled  area  or  may  affect 
isolation  within  the  controlled  area.   If  present,  these  conditions  could 
significantly  affect  the  ability  of  a  site  to  meet  the  performance  objectives 
relating  to  isolation  of  waste.   Therefore,  each  PAC  must  be  investigated  to 
determine  whether  the  condition  is  present  at  the  Yucca  Mountain  site,  what 
effects  the  PAC  could  have  on  the  site's  ability  to  isolate  waste,  and 
whether  the  effects,  if  any,  are  significant. 

Figure  8.3.5.17-1  shows  the  major  steps  that  the  DOE  intends  to  take  in 
resolving  Issue  1.8  for  each  potentially  adverse  condition  (PAC)  listed  in 
10  CFR  60.122.   The  figure,  which  is  an  expansion  of  the  general  issue 
resolution  strategy  shown  in  Section  8.1,  outlines  the  licensing  strategy  and 
the  subsequent  steps  that  will  lead  to  the  final  resolution  of  Issue  1.8  for 
each  PAC.  As  explained  in  detail  below,  certain  steps  in  the  licensing 
strategy — i.e.,  the  steps  up  to  the  collection  of  site  characterization 
data — were  carried  out  in  preparing  this  section  and  have  been  used  in  the 
development  of  the  site  characterization  program  presented  in  other  parts  of 
Section  8.3. 

The  following  detailed  explanation  of  Figure  8.3.5.17-1  describes  the 
steps  and  the  reasoning  behind  them.   The  explanation  is  intended  to  guide 
the  reader's  understanding  of  the  detailed  discussions  presented  later  in 
Section  8.3.5.17  that  explain  how  the  licensing-strategy  decisions  were  made 
for  each  PAC.   To  keep  the  section  as  concise  as  possible,  those  detailed 
discussions  omit  many  of  the  general  principles  that  underlie  the  strategy. 
The  following  explanation  supplies  those  principles.   The  steps  in  the  figure 
are  numbered  to  aid  the  reader  in  following  the  explanation. 

The  first  step  in  the  licensing  strategy  for  dealing  with  each  PAC  is  to 
adopt  a  tentative  strategy  on  whether  the  license  application  will  show  that 
the  PAC  is  present  at  the  Yucca  Mountain  site  (step  1) .   This  decision  has 
been  based  on  the  evidence  currently  available  to  the  DOE.   As  Section  8.1 
explains  in  detail,  the  tentative  decisions  adopted  in  the  development  of 
licensing  strategies  will  be  changed  if  evidence  acquired  in  the  future  shows 
them  to  be  technically  unsound.   For  now  they  are  simply  a  basis  for  planning 
site  characterization. 

Strategy  for  addressing  PACs  with  preliminary  findings  not  present  at 
the  site — The  major  branch  on  the  right  side  of  Figure  8.3.5.17-1  shows  the 
steps  to  be  followed  to  test  the  hypothesis  that  a  PAC  is  not  present  at  the 
site.   If  the  available  data  show  conclusively  that  the  condition  is  not 
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Figure  8.3.5.17-1.       Logic  diagram  for  resolving  Issue  1.8  for  potentially  adverse  conditions  (PACs).    The  text 
discussion  is  keyed  to  the  numbers  in  this  logic  diagram 
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present  (step  2),  the  issue  will  be  resolved  simply  by  reporting  those  data 
(step  3) .   If  the  available  data  are  not  conclusive,  the  strategy  will  follow 
the  remainder  of  the  major  branch. 

Step  4  shown  in  Figure  8.3.5.17-1  is  an  examination  of  the  performance 
allocation  in  Issue  1.1.   The  reason  for  this  step  and  for  two  other  steps 
near  it  in  the  diagram  (5,  6)  is  the  following:   a  major  premise  of  the 
licensing  strategy  for  Issue  1.8  is  that  most  of  the  data  needed  for  resolu- 
tion are  already  called  for  by  other  issues.   Issue  1.1  (total-system  perfor- 
mance) is  the  principal  issue  that  calls  for  data  needed  in  resolving  Issue 
1.8  because  it  is  the  issue  that  must  consider  all  the  credible  scenarios  for 
future  events  and  processes  at  the  site.   The  list  of  PACs  in  10  CFR  60.122 
includes  many  conditions  that  might  serve  as  initiating  events  for  credible 
disruptive  scenarios,  and  for  that  reason  Issue  1.1  has  used  the  list  in 
allocating  performance  for  the  assessment  of  such  scenarios.   Furthermore, 
the  allocation  of  performance  for  the  scenarios  has  relied  on  the  technical 
judgment  of  both  performance-assessment  and  geoscience  personnel;  this  effort 
has  been  intended  to  make  the  allocations  in  Issue  1.1  responsive  to  the  data 
needs  of  Issue  1.8,  as  well  as  to  the  need  to  address  the  overall  system 
performance  objective  adequately. 

Thus,  Step  4  in  Figure  8.3.5.17-1  is  a  decision  on  whether  the  perfor- 
mance allocation  for  the  nominal  and  disruptive  scenarios  in  Issue  1.1  calls 
for  the  data  needed  for  testing  the  hypothesis  that  the  PAC  is  not  present. 
If  such  data  are  not  called  for  in  Issue  1.1,  other  issues  are  examined  to 
see  whether  they  address  the  PAC  by  calling  for  the  needed  data  (step  5) .   If 
no  issue  that  addresses  the  PAC  is  found,  the  strategy  calls  for  a  separate 
development  of  data  needs  for  testing  the  hypothesis  that  the  PAC  is  not 
present  (step  6) . 

If  Issue  1.1  or  some  other  issue  addresses  the  PAC,  the  licensing  strat- 
egy for  Issue  1.8  proceeds  by  examining  the  allocation  made  in  that  issue 
(step  7) .   If  the  site  characterization  information  called  for  there  is 
judged  to  be  adequate  for  testing  the  hypothesis  that  the  PAC  is  not  present, 
the  allocation  is  adopted  as  the  licensing  strategy  for  collecting  the  data 
needed  for  resolving  the  PAC  (step  8) .  As  the  detailed  descriptions  of  the 
licensing  strategy  for  each  PAC  show,  Issue  1.1  usually  contains  an  adequate 
allocation  because  the  PACs  were  specifically  used  in  constructing  the 
strategy  for  its  resolution.   If  the  allocation  is  judged  inadequate,  the 
strategy  requires  a  separate  development  of  the  data  needed  for  resolution 
(step  6) .   (The  DOE  has  carried  out  the  work  described  in  the  steps  leading 
to  this  point,  and  the  results  are  described  in  the  detailed  discussion  of 
the  strategy  for  each  PAC.)   Data  called  for  by  the  licensing  strategy  will 
be  collected  through  the  site  characterization  program  (described  in  other 
sections  of  the  SCP) ;  the  diagram  shows  this  collection  in  a  single  box 
(step  8)  . 

Beginning  with  step  9,  Figure  8.3.5.17-1  describes  additional  actions 
that  may  need  to  be  taken  for  any  given  PAC.  The  DOE  will  decide  whether  the 
data  are  adequate  for  testing  the  hypothesis  that  the  PAC  is  not  present 
(step  9) .   In  other  words,  the  DOE  will  decide  whether  the  investigation  that 
provided  the  data  is  likely  to  be  judged  adequate  in  the  licensing 
proceedings.   If  the  investigation  is  found  adequate,  the  DOE  will  consider 
the  issue  resolved  (step  10) .   If  the  investigation  is  not  found  adequate, 

8.3.5.17-11 


DECEMBER  1988 

the  DOE  must  decide  (step  11)  whether  the  information  suggests  a  change  in 
the  overall  strategy  for  the  PAC:   should  the  strategy  be  to  test  the 
hypothesis  that  the  PAC  is  present?  If  the  answer  is  yes,  the  steps  to  be 
followed  appear  in  the  left  branch  of  Figure  8.3.5.17-1,  beginning  with 
step  12.   If  the  answer  is  no,  the  DOE  will  develop  new  data  needs  that  will 
provide  an  adeguate  investigation  of  the  PAC  (step  6),  and  the  collection  of 
additional  data  (step  8)  will  begin. 

Demonstration  strategy  for  PACs  present  at  the  site — For  PACs  known  or 
suspected  to  be  present  at  the  site,  10  CFR  60.122  offers  three  options  for 
demonstrating  that  they  do  not  compromise  the  ability  of  the  site  to  isolate 
the  waste.   Currently,  however,  the  DOE  feels  that  all  the  PACs  that  might  be 
present  can  be  shown  to  meet  the  particular  option  allowing  for  the  PACs  to 
be  shown  "not  to  affect  significantly  the  ability  of  the  geologic  repository 
to  meet  the  performance  objectives  relating  to  isolation  of  the  waste."  The 
strategy  shown  as  the  major  branch  on  the  left  side  of  Figure  8.3.5.17-1 
assumes  that  those  PACs  will  be  treated  in  the  license  application  according 
to  that  option.   Figure  8.3.5.17-1  uses  the  word  "significant"  as  a  short 
form  to  refer  to  the  option.   The  possible  use  of  the  other  two  choices 
appears  in  the  strategy  much  later — to  be  used  if  evidence  suggests  that  the 
site  characterization  data  will  not  demonstrate  insignificance. 

The  first  steps  in  the  left  branch  of  Figure  8.3.5.17-1  are  similar  to 
the  first  steps  in  the  right  branch.   The  strategy  calls  first  for  an  exami- 
nation of  Issue  1.1  to  see  whether  the  PAC  is  addressed  in  the  nominal  and 
disruptive  scenarios  there  (step  12) ;  for  the  reasons  explained  above,  Issue 
1.1  is  a  likely  issue  in  which  to  find  considerations  of  PACs  because  it  uses 
the  PACs  in  identifying  the  scenarios  that  are  credible  at  the  site.   If  the 
PAC  is  not  addressed  there,  other  issues  are  examined  to  see  whether  they 
address  the  PAC  (step  13) .   If  no  issue  addresses  it,  the  DOE  will  develop  a 
new  performance  allocation — i.e.,  a  scenario  and  the  set  of  data  needed  for 
showing  the  presence  and  significance  of  the  PAC  (step  14) . 

If  an  issue  is  found  to  address  the  PAC,  the  performance  allocation  in 
the  issue  is  examined  to  see  whether  the  data  it  calls  for  appear  adequate 
for  determining  the  presence  and  significance  of  the  PAC  (step  15) .   If  the 
data  appear  adequate,  they  are  adopted  for  resolving  Issue  1.8.   If  they  do 
not,  the  DOE  constructs  a  new  performance  allocation  based  on  the  strategy 
for  showing  the  presence  of  the  PAC  and  determining  its  significance  (step 
14) .   (The  work  described  in  the  steps  leading  to  this  point  has  been  done, 
and  the  results  are  described  in  the  explanation  of  the  strategy  for  each 
PAC) .   The  data  called  for  by  the  licensing  strategy  will  be  collected  as 
part  of  the  site  characterization  program  described  in  other  sections  of  the 
SCP  (step  16) . 

The  remainder  of  the  left  branch  of  Figure  8.3.5.17-1  describes  the 
issue-resolution  steps  that  the  DOE  expects  to  take  after  site  characteriza- 
tion has  provided  the  needed  information.   The  collected  data  may  show  that, 
contrary  to  the  expectation  embodied  in  the  licensing  strategy,  the  PAC  is 
not  present  at  the  site  (step  17) .   If  it  is  not  present,  the  DOE  will  change 
the  strategy  for  dealing  with  the  PAC,  and  the  figure  therefore  shows  a 
decision  that  leads  to  the  major  right  branch  of  the  diagram  (step  2) . 
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The  statements  of  some  PACs  in  10  CFR  60.122  do  not  refer  simply  to  the 
presence  of  a  condition;  for  such  a  PAC  to  be  shown  present,  the  condition 
must  be  shown  to  adversely  affect  the  performance  of  a  repository.   For 
example,  PAC  5  refers  not  simply  to  the  presence  of  a  potential  for  changes 
in  hydrologic  conditions  but  to  the  presence  of  a  potential  for  changes  "that 
would  affect  the  migration  of  radionuclides  to  the  accessible  environment." 
Such  PACs  cannot  be  shown  to  be  present  in  step  17  alone.   Their  presence  can 
be  shown  only  after  subsequent  steps  in  the  strategy  have  examined  their 
effect  on  performance,  which,  as  explained  above,  Figure  8.3.5.17-1  refers  to 
as  their  "significance." 

If  step  17  has  failed  to  show  that  the  PAC  is  not  present  at  the  site, 
the  DOE  will  use  the  site  characterization  information  in  analyses  intended 
to  determine  whether  the  PAC  is  significant  in  the  sense  of  10  CFR  60.122 
(step  18) .   These  analyses  will  not  necessarily  trace  the  contribution  of  the 
PAC  to  the  full  cumulative  complementary  distribution  function  (CCDF) 
required  for  resolving  Issue  1.1  (Section  8.3.5.13).  An  elaborate  model  of 
the  total  system  will  be  used  in  deriving  the  CCDF,  but  it  will  often  be 
possible  to  use  simpler  models  of  the  system  or  its  subsystems  to  see  whether 
the  presence  of  a  PAC  changes  the  characteristics  (e.g.,  the  performance 
parameters)  of  the  site  enough  to  affect  waste  isolation.   The  analyses  of 
significance  will  include  sensitivity  and  uncertainty  studies  in  order  to 
provide  confidence  that  the  conclusions  derived  from  the  system  or  subsystem 
analyses  are  justified  by  the  data  they  use  and  the  assumptions  they  make. 
Step  18  in  Figure  8.3.5.17-1  represents  the  performance  of  these  analyses. 

All  these  analyses — (calculations  using  total-system  models  or  simpler 
subsystem  models,  sensitivity  studies,  uncertainty  studies) — will  contribute 
to  the  decision  on  whether  the  PAC  is  significant.   That  decision,  shown  as 
step  19  in  the  figure,  will  rely  on  both  the  results  of  the  analyses  and 
expert  professional  judgment  in  the  technical  fields  appropriate  to  studies 
of  the  PAC.  Whether  the  decision  is  that  the  PAC  is  or  is  not  significant, 
several  steps  remain  in  the  strategy  before  the  issue  can  be  resolved,  and 
Figure  8.3.5.17-1  shows  a  separate  branch  for  each  of  the  two  outcomes. 

If  the  analyses  fail  to  show  that  the  PAC  is  not  significant,  the 
analyses  themselves  must  be  examined  to  make  sure  that  the  methods  they  use 
are  realistic  representations  of  the  effects  of  the  PAC  (step  20) .   The 
reason  such  an  examination  is  necessary  is  that  many  analyses  of  repository 
performance  will  make  conservative  assumptions  intended  to  overestimate 
adverse  effects.   Such  assumptions  are  usually  appropriate  for  licensing 
decisions  because  they  contribute  to  the  required  reasonable  assurance  that 
the  performance  objectives  will  be  met.  Moreover,  they  generally  make  the 
analyses  easier  to  perform  and  easier  to  understand  than  the  complex  analyses 
that  are  less  conservative  but  more  realistic.   If  these  assumptions  are 
overly  conservative,  however,  predictions  based  on  them  could  overestimate 
the  effects  of  a  PAC  so  severely  that  the  actual  effects  of  the  PAC  would  be 
obscured.   Before  concluding  that  a  PAC  has  significant  effects  on  perfor- 
mance, therefore,  the  DOE  would  examine  the  methods  used  in  the  analyses  of 
significance  to  be  sure  that  they  are  realistic  enough  to  give  reliable 
predictions.   Figure  8.3.5.17-1  shows  this  step  (20)  as  a  decision  in  the 
issue-resolution  strategy.   Step  20  also  shows  an  examination  of  whether  the 
site  characterization  investigations  have  been  adequate  for  the  determination 
of  significance.   If  the  analyses  are  found  realistic  and  the  investigations 
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adequate,  the  DOE  will  abandon  the  strategy  of  showing  that  the  PAC  is 
present  and  not  significant. 

The  next  step,  shown  in  Figure  8.3.5.17-1,  is  to  decide  whether  the 
strategy  should  adopt  either  of  the  other  two  options — remediation  or 
compensation  by  a  combination  of  favorable  conditions — for  showing  that  the 
PAC  does  not  compromise  waste  isolation  (step  21) .   If  neither  option  appears 
feasible  for  the  PAC,  the  DOE  expects  to  interpret  the  analyses  as  showing 
that  the  PAC  is  present  and  does  indeed  compromise  performance  (step  22) .   If 
one  of  the  options  appears  feasible,  the  DOE  expects,  as  shown  in  the 
diagram,  to  develop  a  new  strategy  showing  that  remediation  or  compensation 
can  be  demonstrated  and  that  the  PAC  will  not  compromise  performance  (step 
23)  . 

If,  on  the  other  hand,  either  the  analyses  or  the  investigation  is  found 
unacceptable,  the  strategy  calls  for  the  DOE  to  reformulate  the  analysis 
methods  or  the  scope  of  the  investigations  in  an  attempt  to  make  the  decision 
on  significance  better  reflect  the  conditions  at  the  site  (step  24) .  As 
Figure  8.3.5.17-1  shows,  such  a  step  would  be  followed  by  a  decision  on 
whether  the  new  methods  or  the  new  scope  requires  that  additional  data  be 
collected  (step  25) .   If  more  data  are  needed,  new  data  needs  are  developed 
(step  26) ,  and  the  strategy  calls  for  a  reiteration  through  the  collection  of 
data.   If  more  data  are  not  needed,  the  strategy  calls  for  the  question  of 
significance  to  be  revisited  through  new  calculations  (step  18) . 

If  the  analyses  of  significance  show  the  PAC  to  be  not  significant,  the 
strategy  calls  for  answers  to  two  further  questions  that  express  requirements 
of  10  CFR  60.122.   The  question  shown  first  in  Figure  8.3.5.17-1  asks  whether 
the  investigations  have  been  adequate  (step  27) .   The  DOE  expects  that  this 
question  will  be  answered  primarily  through  expert  review  of  the  data- 
collection  program;  the  regulations  give  no  guidance  on  how  the  adequacy  is 
to  be  assessed.   If  the  answer  to  this  question  is  no,  new  data  needs  will  be 
developed  to  ensure  that  the  program  is  adequate  (step  28) .   If  the  answer  is 
yes,  the  strategy  proceeds  to  the  second  question. 

The  second  question  addresses  the  requirement  in  10  CFR  60.122(a)  (2)  (ii) 
that  the  evaluation  of  the  PAC  be  done  with  analyses  that  are  sensitive  to 
"the  potentially  adverse  human  activity  or  natural  condition"  and  that  use 
assumptions  that  "are  not  likely  to  underestimate  its  effect"  (step  29) .   The 
DOE  expects  to  perform  sensitivity  analyses  as  adjuncts  to  the  analyses  of 
significance.   This  work  will  demonstrate  that  the  methods  are  sensitive  in 
the  sense  required,  and  it  will  contribute  to  a  demonstration  that  the 
effects  have  not  been  underestimated.   Further  examination  of  the  answer  to 
this  question  will  come  from  expert  review  of  the  analyses  themselves. 

If  the  answer  to  the  second  question  is  no,  the  strategy  calls  for  the 
cycle  of  reformulating  the  analysis  methods  and  investigations  (step  24), 
possibly  collecting  more  data  (steps  25,  26,  and  16),  and  again  evaluating 
the  significance  of  the  PAC  (step  18) .   If  the  answer  is  yes,  the  PAC  will 
have  been  shown  to  be  present  but  not  to  significantly  affect  the  ability  of 
the  site  to  isolate  waste  (step  30) . 

It  should  be  emphasized  that  the  DOE  does  not  expect  to  perform  steps 
20,  27,  and  29  only  in  the  strict  order  shown  in  Figure  8.3.5.17-1.   The 
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questions  of  adequacy  and  realism  will  not,  for  example,  be  left  unexamined 
until  the  analyses  have  been  finished.   These  questions  will  be  considered 
throuqhout  site  characterization  as  the  DOE  constructs  and  manages  a  program 
that  will  produce  the  information  needed  for  the  license  application.   The 
actual  order  of  these  steps  is  somewhat  arbitrary;  the  important  point  to  be 
drawn  from  the  figure  is  that  they  must  all  be  completed  before  Issue  1.8  can 
be  resolved. 

Strategy  for  favorable  conditions 

Figure  8.3.5. 1^-2  shows  the  major  steps  that  the  DOE  intends  to  take  in 
resolving  Issue  1.8  for  each  favorable  condition  (FC)  listed  in  10  CFR 
60.122.  The  figure,  which  is  an  expansion  of  the  general  issue-resolution 
strategy  shown  in  Section  8.1,  outlines  the  licensing  strategy  and  the  subse- 
quent steps  that  will  lead  to  the  final  resolution  of  Issue  1.8  for  each  FC. 
The  steps  in  the  licensing  strategy — i.e.,  the  steps  up  to  the  collection  of 
site  characterization  data — were  carried  out  in  preparing  this  section,  and 
have  been  used  in  the  development  of  the  site  characterization  program 
presented  in  other  parts  of  Section  8.3. 

The  following  detailed  explanation  of  the  figure  describes  all  the  steps 
and  the  reasoning  behind  them.   The  explanation  is  intended  to  guide  the 
reader's  understanding  of  the  detailed  discussions  that,  later  in  Section 
8.3.5.17,  explain  how  the  licensing-strategy  decisions  were  made  for  each  FC. 
To  keep  the  section  as  concise  as  possible,  those  detailed  discussions  omit 
many  of  the  general  principles  that  underlie  the  strategy  they  follow.   The 
following  explanation  supplies  those  principles.   The  steps  in  the  figure  are 
numbered  to  aid  the  reader  in  following  the  explanation. 

The  first  step  in  the  licensing  strategy  for  dealing  with  each  FC  is  to 
adopt  a  tentative  strategy  on  whether  the  license  application  will  show  that 
the  FC  is  present  at  the  Yucca  Mountain  site  (step  1) .   This  decision  has 
been  based  on  the  evidence  currently  available  to  the  DOE.  As  Section  8.1 
explains  in  detail,  the  tentative  decisions  adopted  for  licensing  strategies 
will  be  changed  if  evidence  acquired  in  the  future  shows  them  to  be  techni- 
cally unsound.   For  now  they  are  simply  a  basis  for  planning  site  character- 
ization. 

If  the  DOE  adopts  a  strategy  for  showing  that  the  FC  is  not  present  at 
the  site,  no  further  action  is  planned  (step  2) .  As  far  as  the  FC  is 
concerned,  Issue  1.8  will  have  been  resolved,  and  the  FC  will  be  assumed  in 
the  license  application  to  be  not  present  at  the  site. 

If  the  DOE  adopts  a  strategy  for  testing  the  hypothesis  that  the  FC  is 
present  at  the  site,  several  steps  remain  to  be  carried  out  before  the  issue 
can  be  resolved.   The  strategy  calls  first  for  an  examination  of  Issue  1.1  to 
see  whether  the  performance  allocation  there  calls  for  site  characterization 
data  that  can  be  used  in  determining  whether  the  FC  is  present.  As  discussed 
in  the  explanation  of  the  strategy  diagram  for  potentially  adverse  conditions 
(Figure  8.3.5.17-1),  the  reason  for  this  step  and  for  two  other  steps  near  it 
in  the  diagram  is  the  following:   a  major  premise  of  the  licensing  strategy 
for  Issue  1.8  is  that  most  of  the  data  needed  for  resolution  are  already 
called  for  by  other  issues.   Issue  1.1  (total  system  performance)  is  the 
principal  issue  that  calls  for  data  needed  in  resolving  Issue  1.8.   It  is 


3.5.17-15 


DECEMBER   1988 


DEVELOP 

NEW   DATA 

NEEDS 

5 


COLLECT   DATA 
6 


Figure  8.3.5.17-2.       Logic  diagram  for  resolving  Issue  1.8  for  favorable  conditions  (FCs).  The  text  discussion  is 
keyed  to  the  numbers  in  this  diagram 
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particularly  important  to  the  strategy  for  dealing  with  FCs.   The  list  of  FCs 
in  10  CFR  60.122  includes  many  conditions  that  are  expected  to  contribute  to 
the  performance  of  the  Yucca  Mountain  site;  these  conditions  are  included  in 
the  scenarios  that  Issue  1.1  has  developed  for  allocating  performance  to  the 
elements  of  the  site  that  will  contribute  to  isolating  the  emplaced  waste. 
This  allocation  of  performance  has  relied  on  the  technical  judgment  of  both 
performance  assessment  and  geoscience  personnel;  this  reliance  has  been 
important  in  making  sure  that  the  allocations  in  Issue  1.1  are  responsive  to 
the  gualitative  as  well  as  the  quantitative  data  needs  of  Issue  1.8. 

The  next  step  in  Figure  8.3.5.17-2,  therefore,  is  a  decision  on  whether 
the  site  characterization  data  called  for  in  the  performance  allocation  for 
Issue  1.1  appear  adequate  for  testing  the  hypothesis  that  the  FC  is  present 
(step  3) .   If  these  data  appear  adequate,  they  are  adopted  as  the  licensing 
strategy  for  collecting  the  data  that  will  determine  the  presence  or  absence 
of  the  FC.   If  the  data  in  Issue  1 . 1  do  not  appear  adequate,  other  issues  are 
examined  to  see  whether  they  call  for  the  needed  data  (step  4) .   If  no  issue 
that  addresses  the  FC  is  found,  the  strategy  calls  for  a  separate  development 
of  data  needs  for  testing  if  the  FC  is  present  (step  5) .   Site  characteri- 
zation can  then  proceed  to  collect  the  needed  data  (step  6) .  The  steps  shown 
in  Figure  8.3.5.17-2  up  to  the  collection  of  data  have  been  carried  out  and 
are  reported  later  in  this  section.   In  actual  practice,  as  the  detailed 
descriptions  of  the  individual  FCs  point  out,  the  data  called  for  by  Issue 
1.1  have  proved  sufficient  for  defining  the  strategy  for  dealing  with  each 
FC. 

After  the  site  characterization  program  has  collected  the  data  called 
for  in  the  licensing  strategy,  the  DOE  examines  the  investigation  that 
provided  the  data  to  decide  whether  the  investigation  is  adequate  for  a 
conclusive  decision  on  the  presence  or  absence  of  the  FC.   This  decision  will 
be  based  on  expert  judgment  after  a  careful  review  of  the  site  studies  (step 
7) .   If  the  investigation  is  found  to  have  been  inadequate,  the  DOE  will 
develop  a  new  set  of  data  needs  for  deciding  on  the  presence  or  absence  of 
the  FC,  as  the  figure  shows  in  a  return  to  an  earlier  step  (5) .   It  should  be 
emphasized  that  the  DOE  will  not  actually  wait  until  after  site  character- 
ization to  examine  the  adequacy  of  the  investigation.   Such  examination  is  a 
part  of  planning  the  investigations,  and  it  will  continue  through  the  site 
characterization  period.  As  shown  in  Figure  8.3.5.17-2,  however,  an 
examination  for  adequacy  must  precede  the  determination  of  the  presence  or 
absence  of  the  FC. 

If  the  investigation  is  found  to  have  been  adequate,  the  DOE  will  pro- 
ceed to  decide  whether  the  FC  is  present  or  absent  at  the  site  (step  8) . 
This  decision  will  be  made  primarily  through  expert  judgment  and  peer  review, 
which  will,  of  course,  be  aided  by  the  quantitative  data  collected  in 
response  to  the  calls  made  by  the  licensing  strategy.   If  the  FC  is 
determined  in  this  way  not  to  be  present,  Issue  1.8  will  have  been  resolved 
for  the  FC:   the  DOE,  as  shown  in  the  diagram,  will  conclude  that,  contrary 
to  the  tentative  position  adopted  for  the  licensing  strategy,  the  FC  is  not 
present  at  the  site  (step  2) .   If  the  determination  is  that  the  FC  is 
present,  Issue  1.8  will  also  have  been  resolved  and  the  license  application 
will  present  the  analyses  to  show  that  the  FC  is  present  at  the  site  (step 
9) .   These  analyses  will  explicitly  take  into  account  the  functions  of  the 
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FCs  in  enhancing  isolation;  they  are  also  expected  to  use  the  presence  of  FCs 
in  contributing  to  the  demonstration  of  reasonable  assurance. 

Discussion  of  the  potentially  adverse  conditions 

This  section  presents  individual  discussions  of  the  PACs  listed  in 
10  CFR  60.122.   For  each  PAC  the  discussion  identifies  the  tentative  strategy 
(present  or  not  present)  called  for  in  step  1  of  Figure  8.3.5.17-1.   The 
potential  effects  of  the  PAC  and  their  expected  significance  on  performance 
are  discussed,  and  the  site  characterization  data  needed  for  addressing  the 
PAC  are  specified.   The  general  method  for  identifying  the  needed  data  is 
similar  for  each  PAC;  it  is  explained  here  to  avoid  repeating  it  in  each 
discussion. 

As  mentioned  in  the  text  accompanying  the  logic  diagram  for  dealing  with 
PACs  (Figure  8.3.5.17-1),  a  preliminary  set  of  scenarios  has  been  developed 
for  Issue  1.1,  which  covers  the  overall  performance  objective  on  cumulative 
radionuclide  release  to  the  accessible  environment.   Because  the  number  of 
different  scenarios  could  be  unmanageably  large,  they  have  been  grouped  into 
scenario  classes;  the  scenarios  within  a  class  can  be  dealt  with  similarly 
and  reguire  similar  data  for  this  evaluation.   These  classes  help  to  focus 
the  site  characterization  program  on  potentially  significant  processes  and 
events  that  may  affect  the  ability  of  the  geologic  repository  to  meet  the 
system  performance  objective.  A  scenario  class  (the  nominal  case)  has  been 
developed  for  undisturbed  conditions  due  to  likely  expected  natural  events, 
processes,  and  conditions.   Other  scenario  classes  have  been  developed  for 
disturbed  conditions,  i.e.,  those  due  to  unlikely  yet  credible  natural  events 
and  human  activity.   The  preliminary  set  of  nominal  and  disturbed  scenario 
classes  are  discussed  in  detail  in  Section  8.3.5.13. 

The  preliminary  set  of  nominal  and  disturbed  scenario  classes  focus  on 
the  particular  events  and  processes  that  are  considered  credible  and 
potentially  significant  for  the  Yucca  Mountain  site.   The  PACs  specified  in 
the  siting  criteria  of  10  CFR  60.122  were  taken  into  consideration  in 
developing  the  preliminary  set;  each  PAC  can  be  associated  with  one  or  more 
of  the  scenario  classes.   Through  the  resolution  strategy  for  Issue  1.1 
performance  measures  and  goals  consistent  with  meeting  the  overall  system 
performance  objective  have  been  selected  to  evaluate  these  scenario  classes. 
Parameters  and  tentative  parameter  goals  needed  to  guide  site  characteri- 
zation and  to  evaluate  these  performance  measures  have  also  been  identified. 
(Section  8.1  explains  the  special  meanings  used  in  performance  allocation  for 
such  terms  as  "performance  measure,"  "goal,"  and  "parameter.")   The  values 
chosen  for  the  parameter  goals  are  consistent  with  the  performance-measure 
goals  in  the  following  sense:   if  the  parameter  goals  are  achieved,  the 
performance-measure  goals  will  probably  also  be  achieved.   In  other  words, 
the  calculation  of  cumulative  release  to  the  accessible  environment  is  likely 
to  show  compliance  with  the  overall  performance  objective  if  the  site 
characterization  data  provide  confidence  that  the  parameter  goals  have  been 
met. 

Because  they  were  set  for  consistency  with  the  overall  performance 
objective,  the  goals  for  the  parameters  in  a  particular  scenario  class  are 
suitable  for  addressing  the  testing  needed  for  the  PACs  associated  with  that 
scenario  class.  The  data  needs  for  each  scenario  class  have  been  derived 
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from  the  performance  parameters,  which  address  effects  on  waste  isolation; 
for  this  reason,  they  are  considered  appropriate  for  guiding  the  testing 
needed  to  determine  the  significance  of  the  PACs  associated  with  those 
scenario  classes.   The  application  of  this  method  for  deriving  data  needs  is 
discussed  for  each  PAC  individually  in  this  section. 

This  discussion  reports  a  comparison  of  each  PAC  with  the  relevant 
scenario  classes  (i.e.,  the  comparison  called  for  in  steps  4,  7,  12,  and  15 
of  Figure  8.3.5.17-1).   This  comparison  uses  available  information  and  the 
tentative  strategy  in  examining  the  nominal  and  disruptive  scenarios  to 
identify  the  relevant  data  needs. 

Information  to  determine  the  performance  parameters  for  these  scenario 
classes  will  be  obtained  in  the  characterization  programs.   The  complete 
specification  of  the  data  needs  for  each  potentially  adverse  condition, 
therefore,  includes  (in  addition  to  the  relevant  scenario  classes,  perfor- 
mance parameters,  and  goals)  the  SCP  sections  that  describe  the  characteriza- 
tion programs  to  obtain  the  information  needed  to  determine  the  parameters. 
The  following  discussions  of  the  PACs  contain  tables  that  summarize  this 
specification. 

The  postclosure  characterization  programs  are  discussed  in  detail  in 
Section  8.3.1  according  to  the  following  topical  breakdown:   geohydrology, 
geochemistry,  rock  characteristics,  climate,  erosion,  dissolution,  tectonics, 
and  human  interference.   These  topical  areas  may  be  addressed  in  more  than 
one  potentially  adverse  condition  depending  on  the  actual  wording  found  in 

10  CFR  60.122.  Some  readers  may  be  interested  in  determining  which  potenti- 
ally adverse  conditions  are  of  interest  to  particular  technical  disciplines. 
To  assist  such  readers,  the  following  is  a  general  guide  stating  the  topical 
breakdown  in  terms  of  the  potentially  adverse  conditions  they  treat.  Geohy- 
drology data  are  reguested  by  PACs  1  to  8,  11  to  15,  and  22  to  24;  geochem- 
istry data  by  PACs  7  to  9  and  24;  rock-characteristics  data  by  PACs  4,  5,  7, 
8,  11  to  14,  20,  and  21;  climate  data  by  PACs  5,  6,  22,  and  23;  erosion  data 
by  PAC  16;  dissolution  data  by  PAC  10;  tectonics  data  by  PACs  3  to  5,  7,  8, 

11  to  15,  22,  and  23;  and  human  interference  data  by  PACs  2,  5,  9,  17  to  19, 
and  22. 

Potentially  adverse  condition  1;   Potential  for  flooding  of  the  underground 

facility,  whether  resulting  from  the 
occupancy  and  modification  of  floodplains 
or  from  the  failure  of  existing  or  planned 
man-made  surface  water  impoundments. 

This  PAC  addresses  a  condition  occurring  before  closure  that  could 
affect  postclosure  performance  (statements  of  consideration,  (NRC,  1981c) 
10  CFR  Part  60) .   Flooding  of  the  underground  facility  during  the  preclosure 
period  could  result  in  conditions,  such  as  standing  pools  of  water,  that 
could  adversely  affect  the  performance  of  the  waste  package. 

Because  of  the  rugged  terrain  and  meteorological  conditions  at  the  Yucca 
Mountain  site,  local  intense  flooding  occurs  periodically  in  the  normally  dry 
washes  draining  down  from  the  Yucca  Mountain  ridge  (Section  3.2.1).   Prelimi- 
nary investigations  of  the  100-  and  500-yr  floods  have  determined  that  the 
100-yr  flood  would  not  exceed  the  banks  of  incised  channels  of  Fortymile  Wash 
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or  its  major  tributaries  (Yucca,  Drill  Hole,  and  Busted  Butte  washes) .   The 
500-yr  flood,  however,  could  exceed  the  banks  of  Busted  Butte  and  Drill  Hole 
washes.   The  available  evidence,  therefore,  suggests  that  this  PAC  may  be 
present.   The  strategy  for  resolution  of  this  PAC  is  to  demonstrate  that 
although  the  condition  is  present,  it  will  not  significantly  affect  the 
ability  of  the  geologic  repository  to  meet  the  performance  objectives 
relating  to  isolation  of  the  waste. 

This  PAC  is  expected  to  be  fully  addressed  by  design  of  the  systems  that 
will  take  into  account  the  probable  maximum  flood  (PMF)  (Section  6.1.2.6). 
This  method  has  been  successfully  used  by  the  U.S.  Army  Corps  of  Engineers 
for  dam  design  and  by  the  nuclear  power  industry  for  protection  of  safety- 
related  facilities.   The  underground  entries  at  the  repository  site  will  be 
protected  against  the  PMF  by  diverting  the  upland  runoff.  Also,  finish  grade 
elevations  will  be  set  above  the  PMF  levels. 

Site  characterization  data  will  be  collected  in  support  of  the  design 
activities  that  will  provide  for  this  protection  from  preclosure  flooding. 
Those  data  are  also,  therefore,  the  data  to  be  used  in  the  resolution  of 
PAC  1.   They  are  developed  and  presented  in  Section  8.3.2.5,  which  also  lists 
the  site  characterization  activities  for  collecting  the  data.   The  needed 
information  consists  of  the  surface-hydrology  data  that  will  permit  descrip- 
tions of  the  5-,  25-,  50-,  100-,  and  500-yr  floods,  the  PMF,  and  the  corres- 
ponding areas  of  inundation.  As  explained  in  Section  8.3.2.5,  these  data  are 
stream  flow  rates,  quantities,  durations  for  surface  water  systems  at  the 
site,  and  descriptions  of  channel  morphology. 

Because  PAC  1  will  be  addressed  by  the  design  of  the  repository  system, 
its  resolution,  unlike  that  of  most  other  PACs,  does  not  depend  on  data 
called  for  by  Issue  1.1.   The  strategy  for  resolving  Issue  1.1  does  not  call 
for  explicit  modeling  of  preclosure  flooding  of  the  underground  repository. 
Neither  the  nominal-case  scenario  nor  the  disturbed-performance  scenario 
classes  include  such  flooding.   If  it  is  determined  later  that  such  a  scen- 
ario class  should  be  developed,  the  information  needed  to  evaluate  it  could 
be  found  in  the  data  needs  of  the  scenario  classes  that  address  increased 
moisture  flux  through  the  repository  (scenario  class  C-l)  and  water-table 
rise  (scenario  class  C-2) .  These  two  scenario  classes  are  discussed  in 
Section  8.3.5-13. 

Potentially  adverse  condition  2:   Potential  for  fcrseeable  human  activity  to 

adversely  affect  the  ground-water  flow 
system,  such  as  ground-water  withdrawal, 
extensive  irrigation,  subsurface  injection 
of  fluids,  underground  pumped  storage, 
military  activity  or  construction  of  large 
scale  surface  water  impoundments. 

This  PAC  is  concerned  with  future  human  activities  that  could  alter  the 
ground-water  flow  system  to  adversely  affect  the  waste-isolation  capabilities 
of  a  site.   Isolation  could  be  adversely  affected,  for  example,  by  decreasing 
the  ground-water  travel  time  to  the  accessible  environment,  thereby  incre- 
asing the  rate  of  transport  to  the  accessible  environment  of  radionuclides 
dissolved  in  the  ground  water.  The  strategy  for  resolution  of  this  PAC  is  to 
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test  the  hypothesis  that  this  condition  is  not  present  at  the  Yucca  Mountain 
site. 

Assessing  the  potential  for  human  activity  at  a  site  presents  special 
problems  because  of  the  dependence  upon  future,  unpredictable  activities  of 
humans  (Section  8.3.1.9).   Quantitative  estimates  of  the  absolute  probability 
of  human  activities  (e.g.,  ground-water  withdrawal)  in  the  distant  future  may 
not  be  feasible.   The  treatment  of  such  events  and  processes  will,  however, 
follow  an  approach  similar  to  that  for  the  natural  processes  and  events:  the 
effects  of  potentially  adverse  human  activities  will  be  evaluated,  appropri- 
ate scenario  classes  will  be  developed,  and  relative  probabilities  and 
consequence  for  these  scenarios  will  be  estimated.   The  data  needed  for 
resolving  PAC  2  and  other  conditions  produced  by  human  activity  can  be  found 
among  the  scenario  classes  of  Section  8.3.5.13. 

In  the  evaluation  of  future  human  activities  that  could  affect  post- 
closure  performance  (in  the  overall  system  performance  assessment) ,  the 
following  were  identified  as  credible  potential  future  activities  at  the 
Yucca  Mountain  site:   exploratory  drilling,  extensive  irrigation  near  the 
controlled  area,  the  construction  of  large-scale  surface  water  impoundments 
near  the  controlled  area,  extensive  surface  or  subsurface  mining  near  the 
controlled  area,  and  extensive  ground-water  withdrawal  near  the  controlled 
area. 

Preliminary  disturbed-performance  scenario  classes  have  been  developed 
for  these  activities.   In  the  development  of  the  scenario  classes,  it  was 
concluded  that  significant  adverse  effects  in  the  ground-water  flow  system 
due  to  exploratory  drilling  are  not  sufficiently  credible  to  warrant 
consideration.   For  the  other  credible  human  activities,  it  was  concluded 
that  potentially  significant  effects  on  the  ground-water  flow  system  could 
include  an  increase  in  percolation  flux  through  the  unsaturated  zone,  an 
increase  in  the  ground-water-table  altitude,  and  an  increase  in  head 
gradients. 

No  scenario  classes  have  been  developed  explicitly  for  subsurface 
injection  of  fluids  and  underground  pumped  storage.   Subsurface  injection  of 
fluids  and  underground  pumped  storage  are  not  considered  to  be  credible 
events  at  the  Yucca  Mountain  site.   The  presence  of  ground-water  resources  at 
the  site  preclude  subsurface  injection  of  fluids,  and  the  geohydrologic 
conditions  at  Yucca  Mountain  are  not  conducive  to  underground  pumped  storage. 
The  DOE  has  judged  that  additional  site  data  are  not  needed  to  demonstrate 
that  these  human  activities  are  not  likely  to  occur  and  are,  therefore,  not 
likely  to  adversely  affect  repository  performance. 

No  scenario  classes  have  been  developed  to  explicitly  address  military 
activities.   The  strain  generated  from  large-scale  weapons  testing  may  have 
an  effect  on  the  hydrologic  conditions  at  the  site;  however,  these  effects 
are  expected  to  be  less  significant  than  those  from  natural  seismic  activity 
(Section  1.4).   The  seismic  effects  of  weapons  testing  are  considered  to  be 
bounded  by  the  scenario  classes  for  tectonic  disturbances  (see,  for  example, 
the  discussions  of  PACs  3,  4,  and  11) . 

Table  8.3.5.17-3  lists  the  scenario  classes  associated  with  this  PAC 
that  are  being  investigated  in  the  system  performance  assessments.   The 
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performance  parameters  associated  with  these  scenario  classes  are  also  shown. 
The  site  characterization  data  to  be  collected  to  address  this  PAC  are  listed 
by  parameter  category  or  set  in  Table  8.3.5.17-3.   Table  8.3.5.17-3  also 
references  the  section  that  discusses  the  data  to  be  collected  and  the 
associated  studies  and  activities. 

Potentially  adverse  condition  3:   Potential  for  natural  phenomena  such  as 

landslides,  subsidence,  or  volcanic 
activity  of  such  magnitude  that  large-scale 
surface  water  impoundments  could  be  created 
that  could  change  the  regional  ground-water 
flow  system  and  thereby  adversely  affect 
the  performance  of  the  geologic  repository. 

This  PAC  is  concerned  with  naturally  formed  surface-water  impoundments 
that  could  adversely  affect  postclosure  performance  at  a  site.   For  example, 
if  surface-water  impoundments  were  to  form,  an  increase  in  percolation 
through  the  unsaturated  zone,  and  subsequently  an  increase  in  radionuclide 
transport  rate,  could  result. 

There  is  no  substantial  evidence  of  large-scale,  rapid  episodes  of  mass 
wasting,  such  as  rock  slides,  debris  avalanches,  and  earth  flows,  at  the  site 
(Section  1.1.3);  thus,  no  disruptive  scenario  class  was  developed  to  explic- 
itly address  this  process.  Volcanic  and  tectonic  processes,  on  the  other 
hand,  are  believed  to  have  the  potential  to  alter  the  topography  in  such  a 
way  that  surface-water  impoundments  could  form  over  the  next  10,000  yr.   The 
available  information,  however,  indicates  that  these  events  are  not  likely  to 
adversely  affect  the  performance  of  the  geologic  repository.   Therefore,  the 
strategy  for  resolution  of  this  PAC  is  to  test  the  hypothesis  that  this 
condition  is  not  present  at  the  Yucca  Mountain  site. 

Additional  information  is  required  for  testing  the  presence  or  absence 
of  this  PAC.   Information  to  be  obtained  in  the  site  characterization  program 
with  regard  to  the  effect  of  natural  surface-water  impoundments  is  defined 
by  disturbed-performance  scenario  classes.   The  relevant  scenario  classes 
defined  in  Section  8.3.5.13  are  identified  in  Table  8.3.5.17-4,  which  also 
gives  the  associated  parameters  and  goals.   The  site  characterization  data  to 
be  collected  to  address  this  PAC  are  listed  by  parameter  category  or  set  in 
Table  8.3.5.17-4.   Table  8.3.5.17-4  also  references  the  section  that  dis- 
cusses the  data  to  be  collected  and  the  associated  studies  and  activities. 

Potentially  adverse  condition  4:   Structural  deformation,  such  as  uplift, 

subsidence,  folding  or  faulting,  that  may 
adversely  affect  the  regional  ground-water 
flow  system. 

This  PAC  is  concerned  with  future  structural  deformation  and  tectonic 
activity  that  could  affect  the  regional  ground-water  flow  system  in  such  a 
way  that  a  site's  ability  to  isolate  waste  would  be  impaired.   The  flow 
system  could,  for  example,  be  disrupted  if  tectonic  processes  could  increase 
the  percolation  flux  through  the  repository  horizon,  increase  the  altitude  of 
the  ground-water  table,  change  the  head  gradients  in  the  saturated  zone,  or 
create  surficial  discharge  points  within  the  boundaries  of  the  accessible 
environment . 
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Quaternary  rupture  on  32  faults  within  an  1,100-km2  area  surrounding  the 
site  has  been  documented,  with  evidence  of  movement  on  5  of  the  faults  within 
the  past  270,000  yr  (Section  1.3.2).  Also,  the  region  is  currently 
undergoing  active  lateral  crustal  extension.   Local  patterns  of  uplift, 
tilting,  and  subsidence  near  Yucca  Mountain  are  typical  of  shallow  crustal 
response  to  regional  extension  and  attendant  volcanic  activity  in  the  Great 
Basin  (Section  1.3.2.4) . 

According  to  the  available  information,  these  conditions  are  not  likely 
to  affect  significantly  the  ability  of  the  geologic  repository  to  meet  the 
performance  objectives  relating  to  isolation  of  the  waste.   The  strategy  for 
resolution  of  this  PAC  is  to  test  the  hypothesis  that  this  condition  is  not 
present  at  the  Yucca  Mountain  site. 

Additional  information  is  reguired  for  evaluating  the  presence  or 
absence  of  this  PAC.   Faulting,  folding,  uplift,  or  subsidence  that  could 
affect  the  ground-water  flow  system  in  such  a  way  as  to  significantly 
increase  the  probability  of  cumulative  releases  to  the  accessible  environment 
was  found  unlikely  yet  credible  during  the  development  of  the  scenario 
classes  for  disturbed  performance  of  the  geologic  repository  (see  Section 
8.3.5.13).  The  nominal-case  scenario  includes  these  tectonic  processes  only 
at  their  expected  rates,  which  would  not  produce  significant  effects. 
Therefore,  the  information  needed  to  investigate  such  effects  is  to  be 
obtained  in  terms  of  scenario  classes  for  unlikely  natural  events.   Table 
8.3.5.17-5  lists  the  scenario  classes  similar  to  those  that  will  be 
considered  in  the  overall  system  performance  assessment,  and  the  performance 
parameters  that  will  be  addressed.   To  address  this  PAC  explicitly,  the 
tectonic  scenario  classes  listed  in  Table  8.3.5.17-5  will  be  considered  on  a 
broader,  regional  scale,  rather  than  the  controlled-area  scale  that  is 
addressed  in  the  total  system  performance  assessment.   Table  8.3.5.17-5  also 
lists  the  site  characterization  data  to  be  collected  to  address  this  PAC  and 
the  associated  studies  or  activities  in  the  SCP.  These  data  will  be  used  to 
evaluate  the  effects  of  tectonic  processes  on  the  regional  flow  regime  (such 
as  water-table  rises  and  flow-path  changes) .   If  these  processes  appear  to 
produce  significant  changes  in  the  larger-scale  flow  system,  the  effects  on 
local  flow-system  behavior  will  be  evaluated  along  with  their  effects  on 
meeting  the  site-related  parameter  goals  listed  in  the  table.  As  explained 
in  the  introduction  to  the  PAC  discussions,  these  goals  are  those  associated 
with  the  scenario  classes  developed  for  the  total-system  performance 
assessments  (Section  8.3.5.13). 

Potentially  adverse  condition  5:   Potential  for  changes  in  hydrologic 

conditions  that  would  affect  the 
migration  of  radionuclides  to  the 
accessible  environment,  such  as 
changes  in  hydraulic  gradient,  average 
interstitial  velocity,  storage 
coefficient,  hydraulic  conductivity, 
natural  recharge,  potentiometric 
levels,  and  discharge  points. 

This  PAC  is  concerned  with  future  changes  in  hydrologic  conditions  that 
could  adversely  affect  the  isolation  capabilities  of  the  site.   Changes  in 
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hydrologic  conditions  could,  for  example,  reduce  the  ground-water  travel 
time,  thereby  increasing  the  rate  of  radionuclide  transport  to  the  accessible 
environment . 

As  discussed  in  Sections  8.3.5.12  and  8.3.5.13,  hydrologic  properties  at 
the  Yucca  Mountain  site  could  be  altered  by  a  number  of  mechanisms,  including 
tectonic  processes  and  events,  climatic  changes,  and  human  activities. 
Hydrologic  changes  that  could  affect  the  migration  of  radionuclides  to  the 
accessible  environment  include  increases  in  percolation  flux  through  the 
repository  horizon,  increases  in  the  altitude  of  the  ground-water  table, 
alteration  of  rock-mass  hydrologic  properties,  the  creation  of  surficial 
discharge  points  within  the  boundaries  of  the  accessible  environment,  and 
changes  in  head  gradients  in  the  saturated  zone.  According  to  current  infor- 
mation, changes  of  sufficient  magnitude  to  significantly  affect  the  migration 
of  radionuclides  are  not  likely.   Therefore,  the  strategy  for  resolution  of 
this  PAC  is  to  demonstrate  that  this  condition  is  not  present  at  the  Yucca 
Mountain  site. 

The  effects  of  tectonic  processes,  climate  changes,  and  human  activities 
on  the  ground-water  flow  system  were  evaluated  with  regard  to  each  of  the 
mechanisms  previously  specified  in  the  development  of  the  scenario  classes. 
The  potential  for  the  changes  in  hydrologic  conditions  that  are  likely  to 
occur  are  considered  in  the  nominal-case  scenario  in  Section  8.3.5.13.   The 
unlikely,  disruptive  changes  are  considered  in  the  disturbed-performance 
scenario  classes,  from  which  the  information  needs  to  address  this  PAC 
follow.   Table  8.3.5.17-6  lists  the  scenario  classes  from  which  a  potentially 
significant  effect  on  the  ground-water  flow  system  may  result  and  gives  the 
performance  parameters  associated  with  these  scenario  classes.   The  site 
characterization  data  to  be  collected  to  address  this  PAC  are  listed  by 
parameter  category  or  set  in  Table  8.3.5.17-6.   Table  8.3.5.17-6  also 
references  the  section  that  discusses  the  data  to  be  collected  and  the 
associated  studies  and  activities. 

Potentially  adverse  condition  6:   Potential  for  changes  in  hydrologic 

conditions  resulting  from  reasonably 
forseeable  climatic  changes. 

This  PAC  is  concerned  with  future  foreseeable  climatic  conditions  that 
could  adversely  affect  the  isolation  capabilities  of  a  site  by  disrupting  the 
hydrologic  conditions  at  the  site.  Changes  in  hydrologic  conditions  could 
result  in  a  decrease  in  the  ground-water  travel  time  from  the  repository 
horizon  to  the  boundary  of  the  accessible  environment,  thereby  possibly 
increasing  radionuclide  transport  to  the  accessible  environment. 

On  the  basis  of  current  information,  climatic  changes  are  likely  at  the 
Yucca  Mountain  site  during  the  next  10,000  yr.   Such  changes  are  expected  to 
alter  hydrologic  conditions  to  some  degree.   However,  changes  sufficient  to 
affect  significantly  the  ability  of  the  geologic  repository  to  meet  the 
performance  objectives  relating  to  waste  isolation  are  not  likely.   That  is, 
changes  in  the  percolation  flux,  the  water-table  level  in  the  vicinity  of  the 
controlled  area,  the  head  gradient  in  the  saturated  zone,  or  the  discharge 
conditions  due  to  reasonably  forseeable  climatic  changes  are  not  likely  to 
significantly  affect  the  performance  of  the  repository. 
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If  the  wording  of  this  PAC  included  an  evaluation  of  the  significance  of 
the  effect  on  isolation  the  strategy  for  the  PAC  resolution  would  be  to  test 
the  hypothesis  that  this  condition  is  not  present;  however,  since  the  PAC,  as 
stated,  refers  only  to  the  potential  for  climate-induced  hydrologic  changes, 
the  strategy  for  resolution  is  to  demonstrate  that  although  the  condition  is 
present,  it  will  not  significantly  affect  the  ability  of  the  geologic 
repository  to  meet  the  performance  objectives  relating  to  isolation  of  the 
waste. 

The  changes  in  hydrologic  conditions  that  are  likely  to  result  from 
climatic  changes  are  included  in  the  nominal  scenario  class.   In  addition, 
disruptive  scenario  classes  for  climatic  changes  that  will  be  investigated 
for  the  resolution  of  Issue  1.1  are  summarized  in  Table  8.3.5.17-7.   The 
parameters  needed  to  evaluate  these  disruptive  scenarios  will  be  used  to 
evaluate  this  condition.   The  goals  for  these  parameters  are  also  shown  in 
this  table.  The  site  characterization  data  to  be  collected  to  address  this 
PAC  are  listed  by  parameter  category  or  set  in  Table  8.3.5.17-7.   This  table 
also  references  the  section  that  discusses  the  data  to  be  collected  and  the 
associated  studies  and  activities. 

Potentially  adverse  condition  7:   Ground-water  conditions  in  the  host  rock, 

including  chemical  composition,  high  ionic 
strength,  or  ranges  of  Eh-pH,  that  could 
increase  the  solubility  or  chemical 
reactivity  of  the  engineered  barrier 
system. 

This  PAC  is  concerned  with  ground-water  conditions  that  could  adversely 
affect  the  performance  of  the  engineered  barrier  system  (EBS) .   The  EBS 
consists  of  the  waste  form,  the  waste  container,  and  an  air  gap  separating 
the  waste  container  from  the  borehole  wall.   Ground-water  conditions  in  a 
host  rock  could  have  an  effect  on  the  degradation  rate  of  the  waste  packages 
(the  waste  form  and  the  waste  containers)   and  thus  on  radionuclide  release 
rates  from  the  EBS.   This  release  rate  is  directly  related  to  the  source  term 
to  be  used  in  determining  releases  to  the  accessible  environment. 

The  corrosion  rate  of  the  metallic  barriers  and  the  release  rates  from 
the  waste  form  are  affected  by  the  pH  and  oxidation-reduction  conditions  as 
well  as  composition  of  the  fluids  contacting  the  waste  package.   Site  data  to 
be  collected  to  address  this  PAC  include  the  major  ion  composition  of  the 
unsaturated-zone  ground  waters  and  the  thermal  stability  of  the  minerals  in 
the  host  rock.  These  data  will  be  used  to  develop  a  ground-water  model  that 
will  be  used  to  show  that  near-field  geochemical  processes  will  not  adversely 
affect  EBS  performance.  During  characterization,  the  ground-water  chemistry 
of  the  unsaturated  zone  will  be  analyzed  to  ensure  that  the  chemistry  falls 
within  the  range  considered  in  the  testing  programs  supporting  EBS  design. 
The  geochemical  modeling  to  reliably  predict  the  emplacement  environment  will 
consider  the  interactions  of  the  host  rock  and  ground  waters  under  expected 
conditions.  The  EBS  design  or  material  selection  may  ha-v»e  to  be  modified  if 
adverse  effects  are  indicated.   In  addition,  ground  water  is  not  expected  to 
come  into  contact  with,  and  thus  will  not  affect,  the  waste  container  during 
the  300-yr  containment  period.  The  strategy  for  resolution  of  this  PAC  is  to 
test  the  hypothesis  that  this  condition  is  not  present  at  the  Yucca  Mountain 
site. 
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The  nominal  (undisturbed-performance)  scenario  class  in  Sec- 
tion 8.3.5.13  takes  into  account  the  full  range  of  potential  geochemical 
conditions,  i.e.,  variations  in  ground-water  composition.   The  EBS  design  is 
also  based  on  this  range.   The  information  generated  through  this  evaluation 
of  the  nominal  case  will  therefore  provide  the  confirmation  necessary  to 
evaluate  this  PAC.   This  information  is  summarized  in  Table  8.3.5.17-8. 

Potentially  adverse  condition  8:   Geochemical  processes  that  would  reduce 

sorption  of  radionuclides,  result  in 
degradation  of  the  rock  strength,  or 
adversely  affect  the  performance  of  the 
engineered  barrier  system. 

This  PAC  is  concerned  with  conditions  that  could  significantly  affect 
the  site  geochemical  characteristics  related  to  the  transport  of  radionu- 
clides and  performance  of  the  engineered-barrier  system  (EBS) .   These  condi- 
tions could  result  from  the  thermal  effects  of  the  emplaced  waste  or  from 
tectonic  or  human  activities  that  could  significantly  change  the  ground- 
water composition  by  introducing  ground  water  or  other  fluids  into  the 
isolation  system.   In  principle,  tectonic  activity  could  also  alter  the 
mineralogic  characteristics  along  the  likely  radionuclide  transport  pathways 
or  create  new  pathways  with  different  mineralogic  characteristics;  such 
effects  are  expected  to  be  minor. 

The  expected  thermal  effects  of  waste  emplacement  may  affect  minerals  in 
the  tuffs,  producing  phase  changes  that  may,  in  turn,  affect  sorptive 
properties.   Sorption  could  also  be  affected  by  disturbance  to  ground-water 
chemistry.   These  geochemical  processes  that  affect  the  sorptive  mineralogy 
are  expected  to  occur  at  rates  too  slow  to  significantly  affect  the  sorptive 
capacity  of  the  tuffs  in  the  time  frame  of  concern  to  a  repository.   In 
addition,  any  alteration  of  glass  that  did  occur  in  the  tuffs  is  expected  to 
produce  sorptive  mineral  phases,  thereby  producing  an  increase  in  sorptive 
capacity. 

At  present,  geochemical  process  are  not  expected  to  significantly  affect 
rock  strength  during  the  postclosure  period.   Fracturing  of  the  tuffs  due  to 
chemical  changes  (e.g.,  dehydration  and  phase  transitions)  in  the  rocks  is 
not  expected  under  the  range  of  thermal  conditions  predicted.   Furthermore, 
the  waste  package  is  being  designed  to  withstand  the  impacts  that  could  occur 
from  falling  rock,  and  the  information  needs  for  the  design  are  addressed  in 
Issue  1.10  (Section  8.3.4.2). 

The  engineered-barrier  system  could  be  affected  if  the  chemical  charac- 
teristics of  the  ground  water  contacting  it  were  to  be  disturbed  signifi- 
cantly. No  currently  operating  geochemical  processes  are  thought,  however, 
to  have  a  potential  for  significantly  affecting  the  EBS. 

The  available  data  do  not,  therefore,  support  a  statement  that  the 

geochemical  processes  described  in  the  PAC  are  operating  at   the  site.  The 

strategy  for  resolution  of  this  PAC  is  to  test  the  hypothesis  that  this 

condition  is  not  present  at  the  Yucca  Mountain  site. 

In  the  development  of  the  preliminary  scenario  classes,  changes  of  this 
type  were  grouped  into  two  categories:   changes  in  the  geochemical  conditions 
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due  to  likely  events  (for  example,  to  the  heat  generated  by  the  emplaced 
wastes)  and  disturbances  to  the  geochemical  conditions  due  to  unlikely 
natural  events.   The  former  category  is  addressed  by  information  needs  for 
the  nominal-case  scenario  class,  and  the  latter  is  addressed  by  certain 
disturbed-performance  scenario  classes.  Table  8.3.5.17-9  lists  the  relevant 
scenarios  that  will  be  considered  in  the  overall  system  performance  assess- 
ment to  address  the  concern  of  this  PAC.   Scenarios  concerning  surface-water 
impoundments,  irrigation,  and  mining  near  the  controlled  area  are  not  consid- 
ered to  have  credible  significant  effects  on  geochemical  processes  (sorption) 
at  the  site.   They  are  not  listed  in  Table  8.3.5.17-9.   The  performance 
parameters,  for  which  values  will  be  obtained  during  site  characterization, 
are  shown  in  the  table;  the  site  characterization  data  to  be  collected  to 
address  this  PAC  are  listed  by  parameter  category  or  set.  Table  8.3.5.17-9 
also  references  the  section  that  discusses  the  data  and  the  associated 
studies  and  activities. 

The  principal  geochemical  data  that  will  be  collected  to  address 
this  PAC  include  the  stability  of  sorptive  minerals  in  the  tuffs  under  both 
the  ambient  and  the  postemplacement  thermal  conditions  and  ground-water 
compositions.  The  sorptive  behavior  of  the  tuffs  will  be  determined  under  a 
range  of  conditions  intended  to  cover  the  effects  of  expected  and  unexpected 
events  on  the  variables  controlling  sorption  properties. 

Potentially  adverse  condition  9:   Ground-water  conditions  in  the  host  rock 

that  are  not  reducing. 

This  PAC  is  concerned  with  oxidizing  ground-water  conditions  in  the  host 
rock  because  such  conditions  may  be  less  favorable  then  chemically  reducing 
conditions  with  regard  to  sorption  and  solubility  relationships  for  radionu- 
clides that  exhibit  sensitivity  to  oxidation-reduction  conditions. 

Because  the  host  rock  at  the  Yucca  Mountain  site  is  located  in  the 
unsaturated  zone,  the  ground  water  in  the  host  rock  is  oxidizing.   It  is 
expected  that  this  condition  can  be  shown  not  to  significantly  affect 
performance,  because  any  potentially  adverse  effects  it  may  theoretically 
cause  will  be  compensated  for  by  the  low  water  flux  through  the  repository 
and  the  sorptive  capacity  of  the  host  rock  and  surrounding  units.   The 
strategy  for  resolution  of  this  PAC  is  to  demonstrate  that  although  the 
condition  is  present,  it  will  not  significantly  affect  the  ability  of  the 
geologic  repository  to  meet  the  performance  objectives  relating  to  isolation 
of  the  waste. 

The  information  needed  to  address  this  condition  (natural  processes  and 
waste-emplacement  effects)  will  be  generated  through  the  evaluation  of  the 
nominal-case  scenario  class  defined  in  Section  8.3.5.13.  This  information  is 
summarized  in  Table  8.3.5.17-10. 

Potentially  adverse  condition  10:   Evidence  of  dissolutioning  such  as  breccia 

pipes,  dissolution  cavities  or  brine 
pockets. 

The  available  information  is  sufficient  to  conclude  that  this  poten- 
tially adverse  condition  is  not  present  at  the  Yucca  Mountain  site.   There 
are  no  known  dissolution  features  within  the  potential  host  rock  or  the  other 
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rock  units  at  the  sites  (DOE,  1986b),  and  the  minerals  that  make  up  the  host 
rock  (alkali  feldspar,  quartz,  cristobalite,  and  tridymite)  are  not  prone  to 
dissolution  in  any  significant  quantities. 

Because  the  available  information  appears  adequate  to  address  this  PAC, 
no  further  characterization  is  needed.  No  scenario  classes  associated  with 
dissolutioning  will  be  developed  as  a  part  of  the  evaluation  of  the  geologic 
repository  with  respect  to  the  overall  system  performance  objective. 

Potentially  adverse  condition  11:   Structural  deformation,  such  as  uplift, 

subsidence,  folding,  and  faulting,  during 
the  Quaternary  Period. 

This  PAC  is  concerned  with  future  structural  deformation,  similar  to  the 
observed  Quaternary  deformation,  that  could  adversely  affect  a  repository 
system  in  such  a  way  that  the  isolation  capabilities  of  a  site  would  be 
impaired.   For  example,  structural  deformation  could  affect  radionuclide 
transport  rates  from  the  repository  horizon  to  the  boundaries  of  the  acces- 
sible environment,  if  the  hydrologic  conditions  or  geochemical  character- 
istics along  the  transport  path  were  adversely  affected. 

Quaternary  rupture  on  32  faults  within  an  1,100-km2  area  surrounding  the 
site  has  been  documented  (Section  1.3.2).   In  addition,  Quaternary  activity 
has  been  observed  on  faults  near  Yucca  Mountain.   The  region  is  currently 
undergoing  active  lateral  crustal  extension  in  response  to  regional  extension 
within  the  Great  Basin  (Section  1.3.2.4).   The  rate  is,  however,  considered 
to  be  low.  The  strategy  for  resolution  of  this  PAC  is  to  demonstrate  that 
although  the  condition  is  present,  it  will  not  significantly  affect  the 
ability  of  the  geologic  repository  to  meet  the  performance  objectives 
relating  to  isolation  of  the  waste. 

The  potential  effects  of  structural  deformation  on  the  ground-water  flow 
system  are  addressed  by  PACs  4  and  5.   Tables  8.3.5.17-5  (PAC  4)  and 
8.3.5.17-6  (PAC  5)  summarize  the  information  needed  to  evaluate  these 
effects.   Table  8.3.5.17-11  repeats  this  information  and  also  includes  the 
information  regarding  the  effects  of  tectonic  activity  on  waste  packages  and 
the  geochemical  conditions  important  to  waste  isolation.  The  table  lists  the 
performance  parameters  for  those  scenarios  relevant  to  the  effects  of  tec- 
tonic activity,  such  as  faulting,  on  waste  isolation.   The  characterization 
programs  that  will  provide  the  information  needed  to  determine  these  para- 
meters are  also  listed  in  Table  8.3.5.17-11. 

Potentially  adverse  condition  12:   Earthquakes  that  have  occurred 

historically  that  if  they  were  to  be 
repeated  could  affect  the  site 
significantly. 

This  PAC  is  concerned  with  historic  earthquakes  that,  if  they  reoccurred 
in  the  future,  could  adversely  affect  the  postclosure  performance  of  a 
geologic  repository. 

The  Yucca  Mountain  site  is  located  in  the  southern  Great  Basin,  a  seis- 
mically  active  region  (Section  1.4).  The  pattern  of  regional  seismicity,  as 
defined  by  historical  epicenters  within  400  km  of  Yucca  Mountain,  consists  of 
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the  north-south-trending  Nevada-California  seismic  belt,  the  southern  end  of 
the  Intermountain  seismic  belt  in  southwestern  Utah,  and  the  diffuse  East- 
West  seismic  belt  encompassing  the  Nevada  Test  Site.   Six  major  historical 
earthguakes  (M  >  6.5)  have  occurred  in  the  Nevada-California  seismic  belt, 
and  two  have  occurred  on  or  near  the  San  Andreas  fault.   The  nearest  major 
earthguake  (1872  Owens  Valley)  was  about  150  km  west  of  Yucca  Mountain. 
Yucca  Mountain  itself  is  located  in  a  guiescent  area  characterized  by  few 
hypocenters  and  low  seismic-energy  density,  and  the  historical  record  of  the 
region  suggests  that  past  seismic  activity,  if  repeated,  would  not  be 
expected  to  significantly  affect  the  postclosure  performance  of  a  geologic 
repository.   The  strategy  for  resolution  of  this  PAC  is  to  test  the  hypoth- 
esis that  this  condition  is  not  present  at  the  Yucca  Mountain  site. 

The  historical  record  is  limited.   Therefore,  detailed  geologic  investi- 
gations will  be  combined  with  ongoing  earthguake  monitoring  activities  to 
assess  the  effects  of  future  earthguakes  at  the  site.  Additional  information 
to  strengthen  the  strategy  is  included  in  Table  8.3.5.17-11  (PAC  11).   This 
table  lists  the  scenario  classes  associated  with  fault  movement  and  ground 
motion  developed  in  Section  8.3.5.13.   The  performance  parameters  needed  to 
evaluate  these  phenomena  and  the  characterization  programs  that  will  provide 
the  information  to  develop  these  parameters  are  also  listed  in  this  table. 

Potentially  adverse  condition  13:   Indications,  based  on  correlations  of 

earthguakes  with  tectonic  processes  and 
features,  that  either  the  freguency 
of  occurrence  or  magnitude  of  earthguakes 
may  increase. 

Like  PAC  12,  PAC  13  is  concerned  with  the  potential  for  seismic 
activity,  including  ground  motion  and  faulting,  that  could  adversely  affect 
the  performance  of  the  repository  in  the  postclosure  period.   The  information 
needed  for  this  PAC  is  the  same  as  that  for  PAC  12  and  will  be  investigated 
through  PAC  11.   The  information  needs  for  this  PAC  are  defined  in  Table 
8.3.5.17-11  (PAC  11).   The  available  information  is  insufficient  to  determine 
whether  future  seismic  activity  is  likely  to  be  more  freguent  or  of  higher 
magnitude  than  historic  seismicity.   The  maximum  earthguake  magnitude  in  the 
historical  record  and  the  record  of  Quaternary  faulting  within  the  geologic 
setting  are  assumed  to  be  the  strongest  indicators  of  future  earthguake 
potential  for  the  postclosure  time  frame.  Difficulty  in  interpreting  the 
Quaternary  faulting  record  suggests  that  the  historical  record  may  not  reveal 
the  largest  earthguake  that  could  occur  at  Yucca  Mountain.   Given  this  inter- 
pretation, it  is  possible  that  the  geologic  setting  of  the  Yucca  Mountain 
site  may  experience  earthguakes  of  higher  magnitude  or  freguency  than  have 
been  historically  observed.   The  strategy  for  resolution  of  this  PAC  is  to 
demonstrate  that  although  the  condition  may  be  present,  it  will  not  signifi- 
cantly affect  the  ability  of  the  geologic  repository  to  meet  the  performance 
objectives  relating  to  isolation  of  the  waste.   The  characterization  work 
that  will  provide  the  information  needed  for  resolving  this  PAC  is  listed  in 
Table  8.3.5.17-11. 

Potentially  adverse  condition  14:  More  freguent  occurrence  of  earthguakes  or 

earthguakes  of  higher  magnitude  than  is 
typical  of  the  area  in  which  the  geologic 
setting  is  located. 
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This  PAC  is  concerned  with  the  potential  for  future  seismic  activity  to 
adversely  affect  the  postclosure  performance  of  a  geologic  repository.   The 
frequency  and  magnitude  of  earthquakes  at  Yucca  Mountain  during  the  several 
years  of  close  monitoring  is  the  same  as  or  less  than  that  for  the  southern 
Basin  and  Range  Province.   Furthermore,  it  is  not  expected  that  future 
seismicity  at  the  site  will  be  more  frequent  or  of  higher  magnitude  than  is 
typical  of  the  region  in  which  the  geologic  setting  is  located.   The  strategy 
for  resolution  of  this  PAC  is  to  test  the  hypothesis  that  this  condition  is 
not  present  at  the  Yucca  Mountain  site. 

The  information  needed  to  evaluate  this  PAC  is  identical  to  that  needed 
for  PACs  12  and  13,  and  the  information  needs  for  this  PAC  are  included  in 
Table  8.3.5.17-11  (PAC  11).   Data  to  be  collected  to  address  PAC  11  are 
expected  to  be  adequate  for  resolving  PAC  14. 

Potentially  adverse  condition  15:   Evidence  of  igneous  activity  since  the 

start  of  the  Quaternary  Period. 

This  PAC  is  concerned  with  igneous  activity  during  the  next  10,000  yr 
that  could  adversely  affect  the  performance  of  a  repository  system.   Igneous 
activity  could  cause  direct  releases  of  radionuclides  to  the  accessible 
environment  as  a  result  of  an  extrusive  event.   Igneous  activity  could  also 
affect  releases  indirectly  by  disrupting  the  geohydrologic  conditions  at  a 
site  (increasing  the  ground-water  table  altitude,  increasing  percolation  flux 
through  the  repository  horizon,  changing  head  gradients  in  the  saturated 
zone,  or  creating  surficial  discharge  points  within  the  accessible  environ- 
ment) or  altering  the  rock-mass  hydrologic  or  geochemical  characteristics 
along  the  potential  radionuclide  transport  pathways. 

Although  the  volcanic  rocks  in  the  region  of  Yucca  Mountain  are 
predominately  silicic  tuffs  and  rhyolite  domes  formed  during  middle  Tertiary, 
the  youngest  volcanic  rocks  are  mostly  basalt  flows.  These  basalts  were 
probably  formed  as  recently  as  approximately  15,000  yr  ago  (Crowe  and  Turrin, 
1988;  Crowe  et  al,  1988;  Wells  et  al,  1988);  however,  the  dating  methods  have 
significant  uncertainties.   These  basalts  were  formed  in  isolated  Strombolian 
eruptions  of  small  volume  and  short  duration.  The  strategy  for  resolution  of 
this  PAC  is  to  demonstrate  that  although  the  condition  is  present,  it  will 
not  significantly  affect  the  ability  of  the  geologic  repository  to  meet  the 
performance  objectives  relating  to  isolation  of  the  waste. 

The  likelihood  and  extent  of  igneous  activity  during  the  next  10,000  yr 
and  its  effects  on  site  characteristics  will  be  investigated  during  site 
characterization.  Table  8.3.5.17-12  shows  the  scenario  classes  associated 
with  igneous  activity  that  will  be  considered  in  the  overall  system  perfor- 
mance assessment.   The  table  also  lists  the  performance  parameters  for  which 
values  will  be  obtained  during  site  characterization.   The  site  characteri- 
zation data  to  be  collected  to  address  this  PAC  are  listed  by  parameter 
category  or  set  in  Table  8.3.5.17-12.   Table  8.3.5.17-12  also  references  the 
section  that  discusses  the  data  to  be  collected  and  the  associated  studies 
and  activities. 
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Potentially  adverse  condition  16:   Evidence  of  extreme  erosion  during  the 

Quaternary  Period. 

This  potentially  adverse  condition  is  concerned  with  the  potential  for 
erosional  processes  to  adversely  affect  the  isolation  capabilities  of  the 
site.  Repository  performance  could  be  directly  affected  through  denudation 
of  the  underground  facility  or  indirectly  affected  through  disturbance  of  the 
hydrologic  system,  such  as  the  creation  of  new  ground-water  discharge  points 
within  the  controlled  area. 

Erosional  processes  in  the  area  of  Yucca  Mountain  site  have  been,  and 
continue  to  be,  dominated  by  a  general  pattern  of  upland  erosion,  piedmont 
transport,  and  basin  deposition  (Section  1.1.3.3.2).  Average  downwasting 
rates  over  the  past  1  to  5  million  years  have  been  0.5  to  2.0  cm  per  thousand 
years.  Assuming  that  these  rates  would  continue,  the  total  downwasting  would 
amount  to  a  maximum  of  approximately  20  cm  during  the  next  10,000  yr.   Large- 
scale  rapid  mass  wasting  has  not  played  a  major  role  in  the  erosional  regime 
at  the  site.  Although  generally  stable,  episodes  of  rapid  erosion  have 
occurred  locally  in  areas  of  concentrated  fluvial  activity.   In  these  areas, 
rates  of  stream  incision,  averaged  over  the  past  0.15  to  0.3  million  years, 
range  from  5.3  to  37.5  cm  per  thousand  years.   These  rates  would  amount  to  a 
maximum  of  approximately  3.8m  over  the  next  10,000  yr.   Therefore,  it  is  not 
likely  that  erosion  would  significantly  affect  the  ability  of  the  Yucca 
Mountain  site  to  meet  the  performance  objectives  related  to  waste  isolation. 
The  strategy  for  resolution  of  this  PAC  is  to  test  the  hypothesis  that  this 
condition  is  not  present  at  the  Yucca  Mountain  site. 

Because  of  these  low  rates,  disturbed-performance  scenario  classes 
associated  with  erosional  processes  have  not  been  developed  for  the  Yucca 
Mountain  site.   Furthermore,  no  information  needs  associated  with  the 
nominal-case  scenario  are  identified  for  erosion.  The  underground  facility 
will  be  at  least  200  m  below  the  surface  at  all  points.  Therefore,  direct 
releases  resulting  from  denudation  are  considered  to  be  not  credible  during 
the  next  10,000  yr.   Even  the  rates  associated  with  stream  incision  are  not 
expected  to  affect  the  ground-water  flow  important  to  waste  isolation. 
Although  erosion-related  site  data  are  limited,  no  new  site  data  are  neces- 
sary to  address  this  condition.   Some  erosion  data  will  be  collected  for 
purposes  other  than  characterizing  extreme  erosion  (Section  8.3.1.6),  and 
these  data  will  be  used  to  test  the  hypothesis  that  this  PAC  is  not  present 
at  the  site. 

Potentially  adverse  condition  17:  The  presence  of  naturally  occurring 

materials,  whether  identified  or  undis- 
covered, within  the  site,  in  such  a  form 
that:   (i)   Economic  extraction  is  cur- 
rently feasible  or  potentially  feasible 
during  the  forseeable  future;  or  (ii) 
Such  materials  have  a  greater  gross  value 
or  net  value  than  the*  average  for  areas  of 
similar  size  that  are  representative  of 
and  located  within  the  geologic  setting. 

This  PAC  is  concerned  with  the  potential  for  future  human  activities 
associated  with  resource  exploration  and  exploitation  at  the  site  that  could 
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adversely  affect  the  isolation  capabilities  of  the  site.  Such  activities 
include  exploratory  drilling,  surface  and  subsurface  mining,  and  ground-water 
withdrawal.  These  activities  could  result  in  direct  radionuclide  releases  to 
the  accessible  environment  if  radioactive  material  were  brought  up  to  the 
surface  along  with  the  resource  or  in  the  course  of  exploration.  The  activi- 
ties could  also  indirectly  affect  isolation  'if  the  geohydrologic  or  geochemi- 
cal  conditions  of  the  site  were  disturbed. 

There  are  no  known  occurrences  of  economic  mineral  resources  at  the 
Yucca  Mountain  site  (Section  1.7).   Preliminary  analyses  of  drill-core 
samples  at  Yucca  Mountain  suggest  there  are  no  mineral  occurrences  in  any 
significant  abundance  that  could  be  economically  feasible  to  extract  in  the 
near  future.   Comparison  of  the  site  with  similar  regions,  where  mineral 
resources  have  been  found,  indicates  that  there  are  some  similarities  in  rock 
types  and  depositional  environments  for  economic  minerals;  however,  the 
occurrences  at  Yucca  Mountain  are  not  expected  to  be  unique  or  of  a  higher 
value.   The  potential  for  energy  resources  (uranium,  oil,  gas,  and  geothermal 
resources)  at  the  site  is  considered  very  low.   Deep  boreholes  in  the  region 
have  failed  to  detect  the  presence  of  any  significant  quantities  of  hydro- 
carbons. Most  of  the  southern  Great  Basin,  including  the  Yucca  Mountain 
site,  has  a  potential  for  low-  to  moderate-temperature  geothermal  develop- 
ment, data  from  wells  at  Yucca  Mountain,  however,  suggest  low  heat  flow  would 
preclude  geothermal  energy  development  at  the  site. 

Ground-water  resources  exist  near  the  Yucca  Mountain  site.   The  extent 
of  the  resource  is  unknown;  however,  the  limited  ground-water  resources  in 
southern  Nevada  make  the  ground-water  resources  proximal  to  the  site 
attractive  for  future  extraction.   The  ground-water  resources  within  the 
site,  however,  are  not  considered  feasible  for  economic  extraction  because  of 
depth  to  the  ground  water,  topographic  conditions,  land-use  restrictions  at 
uhe  repository  site,  and  the  expected  availability  of  ground-water  resources 
outside  of  the  controlled-area  boundary.   Ground-water  withdrawal  near  the 
controlled  area  is  discussed  in  PAC  2. 

The  strategy  for  resolution  of  this  PAC  is  to  test  the  hypothesis  that 
this  condition  is  not  present  at  the  Yucca  Mountain  site. 

The  potential  for  human  activities  that  are  associated  with  resource 
exploration  and  extraction  at  the  Yucca  Mountain  site  and  their  effects  on 
the  site  characteristics  will  be  investigated  during  site  characterization 
(Section  8.3.1.9).  Scenario  classes  associated  with  human  activities  have 
been  developed  for  this  purpose.   Table  8.3.5.17-13  shows  the  scenario 
classes  that  will  be  evaluated  in  the  overall  system  performance  assessment 
and  the  performance  parameters  associated  with  those  scenarios  for  which 
values  will  be  obtained.   Because  of  the  unpredictable  nature  of  human 
activities,  goals  cannot  be  set  for  many  of  these  parameters  (see  Section 
8.3.5.13  and  the  discussion  of  PAC  2).  Nevertheless,  investigations  will  be 
conducted  to  obtain  information  needed  to  evaluate  these  parameters,  and 
these  investigations  are  also  listed  in  this  table.   The  site  character- 
ization data  to  be  collected  to  address  this  PAC  are  listed  by  parameter 
category  or  set  in  Table  8.3.5.17-13.   Table  8.3.5.17-13  also  references  the 
section  that  discusses  the  data  to  be  collected  and  the  associated  studies 
and  activities. 
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Potentially  adverse  condition  18:   Evidence  of  subsurface  mining  for 

resources  within  the  site. 

This  potentially  adverse  condition  is  concerned  with  the  potential  for 
past  or  present  mining-related  activities  to  adversely  affect  the  performance 
of  a  repository.   There  is  no  evidence  of  mining  activity  within  10  km  of  the 
Yucca  Mountain  site  (Section  1.6.4).   Surface  exploration  of  the  area  found 
no  evidence  of  abandoned  underground  mines,  surface  mines,  or  prospecting 
drillholes . 

The  strategy  for  resolution  of  this  PAC  is  to  test  the  hypothesis  that 
this  condition  is  not  present  at  the  Yucca  Mountain  site.   The  available 
evidence  is  sufficient  to  address  this  PAC,  and  no  additional  site  data  are 
called  for.   Information  needed  to  evaluate  future  mining  activities  is 
identified  in  Table  8.3.5.17-13. 

Potentially  adverse  condition  19:   Evidence  of  drilling  for  any  purpose 

within  the  site. 

This  PAC  is  concerned  with  the  potential  for  past  or  present  drilling 
to  adversely  affect  the  performance  of  a  repository,  e.g.,  by  providing 
pathways  for  transport  of  radionuclides  from  the  repository. 

A  study  has  been  made  of  the  available  records,  and  all  the  area  within 
a  10 -km  radius  around  the  perimeter  drift  outline  has  been  physically 
examined  during  surface  mapping  operations.  A  total  of  184  drillholes  within 
the  10-km  radius  has  been  reported  (Section  1.6.1).   Two  of  these  drillholes, 
the  J- 12  and  J-13  water  wells,  were  completed  for  water  supply  for  the 
Nuclear  Rocket  Development  Station  work  in  1957  and  1963,  respectively.  The 
other  182  holes  were  drilled  under  the  control  of  the  Nevada  Test  Site 
Operations  Office  for  the  Project  during  exploratory  work  to  investigate  the 
site.   If  the  wording  of  this  PAC  related  the  significance  of  drillholes  to 
the  ability  of  the  site  to  isolate  waste,  the  strategy  for  PAC  resolution 
would  be  to  test  the  hypothesis  that  the  PAC  is  not  present;  however,  since 
the  PAC,  as  stated,  refers  only  to  evidence  of  drilling,  the  strategy  for  PAC 
resolution  is  to  demonstrate  that  although  the  condition  is  present,  it  will 
not  affect  significantly  the  ability  of  the  geologic  repos-  itory  to  meet  the 
performance  objective  relating  to  isolation  of  the  waste. 

Scenarios  associated  with  drilling  for  purposes  other  than  those  of 
previous  drilling  activities  at  the  site  will  be  investigated  in  the  overall 
system  performance  assessment.   These  scenario  classes  are  discussed  by 
PAC  17,  and  the  information  needed  to  evaluate  this  PAC  is  identified  in 
Table  8.3.5.17-13. 

Potentially  adverse  condition  20:   Rock  or  ground-water  conditions  that  would 

require  complex  engineering  measures  in 
the  design  and  construction  of  the 
underground  facility  or  in  the  sealing  of 
boreholes  and  shafts. 

This  PAC  is  concerned  with  a  preclosure  condition  that  could  affect 
postclosure  performance.  According  to  the  NRC's  statements  of  consideration 
for  10  CFR  Part  60  (NRC,  1981c),  complex  engineering  measures  are  not 
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inherently  unacceptable.   The  concern  lies  in  the  reliability  of  the 
measures.   Preclosure  failure  of  such  measures  could  conceivably  affect 
postclosure  performance,  for  example,  through  collapse  of  underground 
openings  or  flooding  of  the  repository.   The  isolation  capability  of  the 
repository  system  during  the  postclosure  period  could  then  be  inferior  to 
that  which  would  exist  if  closure  had  been  intentional. 

Presently  available  data  indicate  that  measures  beyond  those  that  are 
accepted  mining  practices  would  not  be  required  to  compensate  for  unfavorable 
rock  characteristics  (Chapters  2  and  6)  and  ground-water  conditions  (Chapter 
3) .   The  strategy  for  resolution  of  this  PAC  is  to  test  the  hypothesis  that 
this  condition  is  not  present  at  the  Yucca  Mountain  site. 

Rock  characteristics  will  be  investigated  further  during  site  character- 
ization to  satisfy  the  information  needs  of  both  design  and  performance 
issues.   However,  no  other  information  associated  with  particular  scenario 
classes  has  been  identified  for  this  PAC.   Present  rock  and  ground-water 
conditions  are  included  in  the  nominal-case  scenario  class  as  described  in 
Section  8.3.5.13.  Additional  studies  beyond  those  described  in  the  sections 
cited  above  are  presently  believed  not  to  be  necessary. 

Potentially  adverse  condition  21:   Geomechanical  properties  that  do  not 

permit  design  of  underground  openings  that 
will  remain  stable  through  permanent 
closure. 

This  PAC  is  concerned  with  a  preclosure  condition  that  could  affect 
postclosure  performance.   Failure  of  an  underground  opening  during  the  pre- 
closure period  could  result  in  the  enlargement  of  existing  fractures  or 
opening  of  new  fractures  that  could  potentially  affect  radionuclide  trans- 
port.  In  addition,  fracturing  due  to  failure  of  an  underground  opening  could 
potentially  increase  the  amount  of  ground  water  reaching  the  waste  package. 

No  measures  beyond  those  generally  acceptable  in  the  mining  industry 
are  expected  to  be  required  to  maintain  stable  underground  openings  through 
the  preclosure  period  (Chapter  6) .  The  strategy  for  resolution  of  this  PAC 
is  to  test  the  hypothesis  that  this  condition  is  not  present  at  the  Yucca 
Mountain  site. 

Additional  studies  beyond  those  described  for  the  nominal-case  scenario 
class  (Sections  8.3.5.13,  8.3.2.2,  and  8.3.2.5)  are  presently  believed  not  to 
be  necessary.   The  final  plans  for  maintaining  stable  underground  openings 
will  be  presented  as  part  of  the  license  application  design. 

Potentially  adverse  condition  22:  Potential  for  the  water  table  to  rise 

sufficiently  so  as  to  cause  saturation  of 
an  underground  facility  located  in  the 
unsaturated  zone. 

This  PAC  is  concerned  with  the  saturation  of  an  underground  facility 
initially  located  in  the  unsaturated  zone.  A  water-table  rise  that  would 
flood  an  underground  facility  could  result  from  climatic  conditions  (also 
considered  in  PAC  6),  human  activity  (also  considered  in  PAC  2),  or  tectonic 
processes  or  events  (also  considered  in  PACs  3  and  5) . 
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Climate  change,  human  activities,  structural  deformation,  and  igneous 
activity  are  all  possible  at  the  site.   The  effects  of  these  processes  are 
not,  however,  expected  to  produce  a  water-table  rise  high  enough  to  saturate 
the  underground  repository.   The  strategy  for  resolution  of  this  PAC  is  to 
test  the  hypothesis  that  this  condition  is  not  present  at  the  Yucca  Mountain 
site. 

Table  8.3.5.17-14  shows  the  scenarios  that  will  be  considered  in  the 
overall  system  performance  assessment  and  that  address  water-table  rise 
during  the  postclosure  period.   The  table  also  shows  the  performance  param- 
eters for  which  values  will  be  obtained  during  site  characterization  to 
address  these  scenarios.   The  site  characterization  data  to  be  collected  to 
address  this  PAC  are  listed  by  parameter  category  or  set  in  Table 
8.3.5.17-14.   Table  8.3.5.17-14  also  references  the  section  that  discusses 
the  data  to  be  collected  and  the  associated  studies  and  activities. 

Potentially  adverse  condition  23:   Potential  for  existing  or  future  perched 

water  bodies  that  may  saturate  portions  of 
the  underground  facility  or  provide  a 
faster  flow  path  from  an  underground 
facility  located  in  the  unsaturated  zone 
to  the  accessible  environment. 

This  PAC  is  concerned  with  perched-water  bodies  that  could  affect  the 
transport  of  radionuclides  by  increasing  flux  through  the  unsaturated  zone. 
These  perched-water  bodies  could  result  from  structural  deformation  at  a  site 
or  from  a  climate  change  that  produces  a  significant  increase  in  infiltra- 
tion. 

The  site  is  located  in  the  southern  Great  Basin,  a  tectonically  active 
region  (Section  1.3);  however,  the  effects  of  tectonism  are  not  expected  to 
create  perched-water  bodies  that  could  saturate  portions  of  the  underground 
repository.  Although  the  potential  for  existing  perched-water  bodies  at  the 
site  cannot  be  ruled  out  on  the  basis  of  currently  available  information,  it 
is  unlikely  that  large  bodies  exist,  because  they  have  not  been  encountered 
in  the  program-related  drilling  performed  to  date.   The  strategy  for  reso- 
lution of  this  PAC  is  to  test  the  hypothesis  that  this  condition  is  not 
present  at  the  Yucca  Mountain  site. 

Table  8.3.5.17-15  shows  the  scenarios  that  have  been  identified  that 
could  create  perched-water  bodies  in  the  unsaturated  zone  at  the  site.   These 
scenarios  are  being  considered  in  the  overall  system  performance  assessment. 
The  table  also  shows  the  performance  parameters  for  which  values  will  be 
obtained  during  site  characterization.   The  categories  and  sets  of  site  char- 
acterization data  to  be  collected  to  address  this  PAC  are  listed  in  Table 
8.3.5.17-15.   Table  8.3.5.17-15  also  references  the  section  that  discusses 
the  data  to  be  collected  and  the  associated  studies  and  activities. 

Existing  perched-water  bodies,  if  any,  at  the  site  will  be  identified  by 
the  program  of  hydrologic  testing  and  modeling  proposed  for  the  site.   The 
development  of  an  unsaturated-zone  flow  model,  using  the  data  from  the 
hydrologic  testing  program,  will  support  an  evaluation  of  the  potential  for 
perched-water  bodies  to  have  formed  at  the  site  under  present  conditions. 
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Potentially  adverse  condition  24:   Potential  for  the  movement  of  radio- 
nuclides in  a  gaseous  state  through  air- 
filled  pore  spaces  of  an  unsaturated 
geologic  medium  to  the  accessible 
environment. 

Gaseous  transport  has  been  identified  as  a  potentially  significant 
transport  mechanism  for  a  repository  located  in  the  unsaturated  zone  (Sec- 
tion 8.3.5.13).   Carbon-14  is  expected  to  be  the  most  important  radionuclide 
species  to  be  transported  in  this  mode.   The  total-system  performance  assess- 
ment is  therefore  investigating  gas-phase  C-14  releases  from  the  waste  form 
and  the  characteristics  and  mechanisms  of  gas-phase  transport  of  C-14  in  the 
unsaturated  rock  units  overlying  the  repository  in  the  nominal-case  scenario 
class  (Section  8.3.5.13). 

Available  evidence  suggests  that  this  condition  may  be  present.   The 
strategy  for  resolution  of  this  PAC  is  to  demonstrate  that  although  the 
condition  is  present,  it  will  not  significantly  affect  the  ability  of  the 
geologic  repository  to  meet  the  performance  objectives  relating  to  isolation 
of  the  waste. 

The  information  needs  for  the  nominal-case  scenario  relevant  to  movement 
of  C-14  in  the  gaseous  state  in  the  unsaturated  zone  are  summarized  in 
Table  8.3.5.17-16.   The  investigations  supporting  those  information  needs 
are  also  listed  in  this  table.   The  site  characterization  data  to  be 
collected  to  address  this  PAC  are  listed  by  parameter  category  or  set  in  Ta- 
ble 8.3.5.17-16.   Table  8.3.5.17-16  also  references  the  section  that  dis- 
cusses the  data  to  be  collected  and  the  associated  studies  and  activities. 

Discussion  of  the  favorable  conditions 

This  section  provides  individual  discussions  of  the  favorable  conditions 
(FCs)  listed  in  10  CFR  60.122.   For  each  FC,  the  discussion  identifies  the 
tentative  strategy  (present  or  not  present)  called  for  in  Step  1  of  Fig- 
ure 8.3.5.17-2.  Also,  the  potential  contribution  of  the  FC  to  performance  is 
discussed,  and  the  site  characterization  data  needed  for  addressing  the  FC 
are  identified. 

Favorable  condition  1:   The  nature  and  rates  of  tectonic,  hydrogeologic,  geo- 

chemical,  and  geomorphic  processes  (and  any  of  such 
processes)  operating  within  the  geologic  setting 
during  the  Quaternary  Period,  when  projected,  would 
not  affect  or  would  favorably  affect  the  ability  of 
the  geologic  repository  to  isolate  waste. 

Available  evidence  indicates  that  there  were  several  processes  operating 
during  the  Quaternary  that,  if  projected  into  the  future,  would  contribute  to 
isolating  waste.   Certain  geochemical  conditions,  for  example,  would  retard 
the  transport  of  radionuclides  to  the  accessible  environment.   These 
geochemical  processes  include  the  sorbing  of  radionuclides  by  the  mineralogic 
assemblages  along  the  flow  path  and  the  precipitating  of  radionuclides  out  of 
solution.  Also,  the  rates  of  erosional  processes  during  the  Quaternary  were 
relatively  low  and,  if  continued  into  the  future,  would  not  disrupt  the 
performance  of  the  repository  system.   The  strategy  for  resolving  this  FC 
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with  respect  to  these  Quaternary  processes  is  to  demonstrate  that  they  would 
favorably  affect  the  ability  of  the  repository  to  isolate  waste. 

Some  aspects  of  the  tectonic  setting,  however,  could  be  disruptive  if 
they  were  to  continue  into  the  future.   Both  faulting  and  volcanic  activity 
were  present  within  the  geologic  setting  during  the  Quaternary  and,  depending 
on  the  extent  of  these  processes,  could  adversely  affect  the  hydrologic 
system  by  raising  the  water  table  level,  changing  the  flow  path  through  the 
unsaturated  zone,  changing  gradients  in  the  saturated  zone,  or  creating 
surficial  discharge  points  within  the  controlled  area.  Also,  the  hydrologic 
system  within  the  geologic  setting  during  the  Quaternary,  though  generally 
favorable,  was  influenced  by  cyclic  fluctuations  in  precipitation.   This 
resulted  in  sometimes  greater  flux  and  higher  water-table  altitudes  than 
presently  exist.   If  these  tectonic  and  hydrogeologic  conditions  were  to 
reoccur  in  the  future,  ground-water  travel  time  to  the  accessible  environment 
could  be  decreased  and  subseguently  the  rate  of  radionuclide  transport 
increased.   The  strategy  for  resolving  this  FC  with  respect  to  these 
potentially  disruptive  processes  is  to  demonstrate  that  they  will  not  affect 
the  ability  of  the  repository  to  isolate  waste. 

The  overall  strategy  for  resolving  this  FC  is  to  test  the  hypothesis 
that  it  is  present  at  the  Yucca  Mountain  site.   The  various  programs  that  are 
planned  for  site  characterization  will  investigate  the  processes  operating 
within  the  setting  during  the  Quaternary  and  use  the  information  as  a  basis 
for  predicting  future  processes,  events,  and  conditions.  Overall,  the 
geologic  setting  is  expected  to  exhibit  sufficient  favorable  characteristics 
to  ensure  waste  isolation.   The  descriptions  of  the  various  site  conditions 
are  given  in  Chapters  1  through  5,  and  the  discussions  of  the  various 
characterization  programs  are  given  in  Section  8.3.1.   The  data  needed  to 
evaluate  the  effects  of  the  potentially  disruptive  conditions  are  discussed 
above  in  the  issue-resolution  strategies  for  PACs. 

Favorable  condition  2:   For  disposal  in  the  saturated  zone,  hydrogeologic 

conditions  that  provide:   (i)  a  host  rock  with  low 
horizontal  and  vertical  permeability,  (ii)  downward 
or  dominantly  horizontal  hydraulic  gradient  in  the 
host  rock  and  surrounding  hydrogeologic  units,  and 
(iii)  low  vertical  permeability  and  low  hydraulic 
potential  between  the  host  rock  and  surrounding 
hydrogeologic  units. 

Because  disposal  at  the  Yucca  Mountain  site  will  be  in  the  unsaturated 
zone,  this  favorable  condition  is  not  present  at  the  site. 

Favorable  condition  3:   Geochemical  conditions  that:   (i)  promote 

precipitation  or  sorption  of  radionuclides,  (ii) 
inhibit  the  formation  of  particulates,  colloids,  and 
inorganic  and  organic  complexes  that  increase  the 
mobility  of  radionuclides,  or  (iii)  inhibit  the 
transport  of  radionuclides  by  particulates,  colloids, 
and  complexes. 

Favorable  condition  3  is  concerned  with  conditions  that  would  reduce 
radionuclide  transport  through  precipitation  or  sorption.  This  condition  is 
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also  concerned  with  the  absence  of  conditions  that  would  interfere  with  these 
processes.   These  conditions  include  the  formation  of  or  transport  by 
particulates,  colloids,  and  organic  and  inorganic  complexes. 

Available  evidence  indicates  that  some  aspects  of  favorable  condition  3 
are  expected  to  exist  at  the  Yucca  Mountain  site.   Conditions  present  at  the 
site  are  expected  to  promote  precipitation  of  some  radionuclides.   Present 
evidence  indicates  that  many  radionuclide  oxides  are  least  soluble  in  solu- 
tions of  neutral  pH  (6-8)  .  Water  samples  taken  from  wells  near  the  site  have 
pH  values  in  this  range.   Conditions  at  the  site  are  also  expected  to  promote 
the  sorption  of  radionuclides.   Highly  sorbing  zeolitic  and  clay  minerals  are 
common  in  the  tuffaceous  beds  of  Calico  Hills  that  underlie  the  proposed 
repository  horizon.   The  hydrologic  flow  path  from  the  proposed  host  rock  is 
expected  to  be  downward  through  the  unsaturated  Calico  Hills  to  the  saturated 
zone,  and  sorptive  processes  are  expected  to  retard  migrating  radionuclides. 

Insufficient  information  is  available  at  this  time  to  state  a  definite 
expectation  regarding  the  formation  of  colloids,  particulates,  or  complexes. 
Colloids  may  form  and  there  may  be  a  potential  for  the  transport  of  radio- 
nuclides as  colloids  or  as  complexes  or  by  particulates,  but  the  relative 
significance  or  importance  of  these  processes  is  not  yet  determined. 

The  strategy  for  resolving  this  FC  is  to  demonstrate  that  the  condition 
is  present  at  the  Yucca  Mountain  site.   The  geochemistry  test  program  will 
investigate  radionuclide  sorption  and  solubility.   Furthermore,  the  test 
program  will  investigate  the  formation  and  stability  of  radiocolloids,  the 
sorption  of  radionuclides  on  particulates  and  colloid  material,  and  the 
potential  for  transport  and  retardation  of  particulates  and  colloids.   The 
test  program  will  provide  the  necessary  information  to  determine  the 
potential  for  radionuclide  retardation,  and  this  information  will  be  used  in 
determining  compliance  with  the  waste-isolation  performance  objective  (10  CFR 
60.112,  Issue  1.1,  Section  8.3.5.13). 

The  investigations  that  address  favorable  condition  3  fall  into  two 
categories.  The  first  category  of  investigations  study  (1)  radionuclide 
sorption  in  a  nonadvective  and  advective  system  and  (2)  the  solubility  of 
radionuclides.   Investigations  and  studies  in  this  category  are 

1.  Investigation  8.3.1.3.4  (radionuclide  retardation  by  sorption 
processes)  including  Studies  8.3.1.3.4.1  through  8.3.1.3.4.3. 

2.  Investigation  8.3.1.3.5  (radionuclide  retardation  by  precipitation 
processes)  including  Studies  8.3.1.3.5.1  and  8.3.1.3.5.2. 

3.  Investigation  8.3.1.3.6  (radionuclide  dispersion,  diffusion,  and 
advection)  including  Studies  8.3.1.3.6.1  and  8.3.1.3.6.2. 

The  second  category  includes  investigations  that  study  (1)  radiocolloid 
formation  and  stability,  (2)  sorption  of  radionuclides  by  particulates  or 
colloids,  (3)  the  transport  of  radionuclides  (retardation)  in  general  and 
transport  by  colloids  or  particulates,  and  (4)  the  overall  potential  for 
radionuclide  retardation.   Investigations  and  studies  in  this  category  are 
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1.  Investigation  8.3.1.3.4  (radionuclide  retardation  by  sorption 
processes)  including  Study  8.3.1.3.4.1  and  Activity  8.3.1.3.4.1.4 
(sorption  by  particulates  and  colloids) . 

2.  Investigation  8.3.1.3.5  (radionuclide  retardation  by  precipitation 
processes)  including  Study  8. 3. 1.3. -5.1  (colloid  formation). 

3.  Investigation  8.3.1.3.6  (radionuclide  dispersion,  diffusion,  and 
advection)  including  Studies  8.3.1.3.6.1  and  8.3.1.3.6.2  (transport 
processes)  and  Activity  8.3.1.3.6.1.5  (filtration  particulate 
transport) . 

4.  Investigation  8.3.1.3.7  (radionuclide  retardation  by  all  processes) 
including  Study  8.3.1.3.7.1  (retardation  sensitivity  analysis). 

The  descriptions  of  these  investigations  provide  detailed  discussions  of 
the  studies  and  their  interrelationships.   Egually  informative  is  the 
overview  to  the  geochemistry  test  program  (Section  8.2). 

Favorable  condition  4:  Mineral  assemblages  that,  when  subjected  to 

anticipated  thermal  loading,  will  remain  unaltered  c • 
alter  to  mineral  assemblages  having  equal  or 
increased  capacity  to  inhibit  radionuclide  migration. 

Under  expected  repository  conditions,  the  present  high  radionuclide- 
retardation  capacity  of  the  tuff  units  at  Yucca  Mountain  is  not  expected  to 
be  significantly  degraded  and  may,  in  fact,  be  increased.   Zeolitic  minerals 
(clinoptilolite  and  mordenite)  are  expected  to  contribute  most  to  inhibiting 
radionuclide  migration  through  sorptive  processes.  Most  of  the  sorptive 
zeolites  are  located  below  the  proposed  repository  horizon  and  are  not 
expected  to  be  significantly  altered  under  the  expected  postemplacement 
thermal  loading. 

The  minerals  that  could  be  affected  by  thermal  loads  include  feldspar- 
silica  assemblages,  the  heulandite-smectite  assemblage,  and  volcanic  glass. 
Feldspar-silica  assemblages  have  a  low  sorbing  capacity  that  is  unlikely  to 
decrease  significantly  under  expected  repository  conditions.   The  heulandite- 
smectite  assemblage,  which  together  with  volcanic  glass  comprises  approxi- 
mately 2  percent  of  the  host  rock,  might  be  affected  by  the  increase  in 
temperature.   However,  the  potential  loss  of  sorption  from  alteration  of 
these  zeolites  in  the  host  rock  represents  a  very  small  proportion  of  the 
total  sorption  potential  of  the  zeolites  in  the  underlying  Calico  Hills  unit, 
where  the  thermal  effects  of  the  waste  are  expected  to  be  much  lower  than  in 
the  host  rock.   Studies  of  volcanic  glass  alteration  suggest  that  the  glassy 
rock  could  alter  to  silica-feldspar-zeolite-smectite  assemblages.  The  high 
sorptive  properties  of  the  zeolite-smectite  assemblages  could  possibly 
enhance  the  overall  sorptive  capacities  along  radionuclide  migration 
pathways . 

The  strategy  for  resolving  this  FC  is  to  test  the  hypothesis  that  it  is 
present  at  the  Yucca  Mountain  site.   The  geochemistry  test  program  will 
investigate  the  mineral  assemblages  already  present  at  Yucca  Mountain  in 
order  to  adequately  characterize  the  potential  for  future  mineral  alteration. 
The  test  program  will  (1)  evaluate  the  present  ground-water  composition  to 
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establish  the  rock,  mineral,  and  water  interactions;  (2)  establish  the 
alteration  history  of  the  minerals  present  at  Yucca  Mountain;  (3)  experi- 
mentally investigate  mineral  stability;  (4)  establish  the  thermodynamic  data 
base  for  mineral  alteration;  and  (5)  develop  a  conceptual  model  of  mineral 
evolution  that  would  allow  a  prediction  of  potential  future  changes  in 
mineralogy  due  to  the  expected  thermal  loading.   The  potential  mineral 
changes  will  be  assessed  in  terms  of  the  sensitivity  of  radionuclide 
retardation  to  potential  mineral  changes,  particularly  changes  in  sorptive 
minerals.   The  portions  of  the  geochemistry  test  program  that  will  provide 
this  information  are 

1.  Investigation  8.3.1.3.1  (water  chemistry)  including  Study 
8.3.1.3.1.1  (ground-water  chemistry  model). 

2.  Investigation  8.3.1.3.2  (mineralogy,  petrology,  and  rock  chemistry) 
including  Study  8.3.1.3.2.2  (alteration  history)  and  Activities 
8.3.1.3.2.2.1  (past  alteration)  and  8.3.1.3.2.2.2  (heating 
experiments  on  sorbing  minerals) . 

3.  Investigation  8.3.1.3.3  (mineral  and  glass  stability)  including 
Studies  8.3.1.3.3.1  through  8.3.1.3.3.3  (the  thermodynamic  and 
kinetic  experimental  and  theoretical  work  to  develop  a  conceptual 
model  of  mineral  evolution) . 

4.  Investigation  8.3.1.3.7  (radionuclide  retardation  by  all  processes). 

Favorable  condition  5:   Conditions  that  permit  the  emplacement  of  waste  at  a 

minimum  depth  of  300  meters  from  the  ground  surface. 
(The  ground  surface  shall  be  deemed  to  be  the 
elevation  of  the  lowest  point  on  the  surface  above 
the  disturbed  zone.) 

The  unsaturated,  densely  welded,  devitrified  portion  of  the  Topopah 
Spring  has  been  selected  as  the  preferred  repository  horizon.   The  ranking 
criteria  used  to  select  the  horizon  included  (1)  ground-water  travel  time, 
(2)  allowable  gross  thermal  loading,  (3)  excavation  stability,  and  (4) 
relative  economics.  In  the  primary  area,  only  50  percent  of  the  waste  could 
be  emplaced  at  least  300  m  below  the  ground  surface.  The  strategy  for 
resolving  this  FC  is  to  claim  that  it  is  not  present  at  the  Yucca  Mountain 
site.  It  will  not  be  investigated  further. 

Favorable  condition  6:  A  low  population  density  within  the  geologic  setting 

and  a  controlled  area  that  is  remote  from  population 
centers. 

The  Yucca  Mountain  site  is  located  in  a  county  with  a  population  density 

of  0.5  person  per  sguare  mile.   This  is  substantially  less  than  the  average 

for  the  continental  United  States,  which  is  76  persons  per  square  mile. 

Also,  the  controlled  area  is  located  137  km  (85  mi)  by  air  from  the  city  of 
Las  Vegas,  Nevada,  the  nearest  highly  populated  area. 

The  strategy  for  resolving  this  FC  is  to  test  the  hypothesis  that  it  is 
present  at  the  Yucca  Mountain  site.   The  identification  of  additional 
information  that  might  be  necessary  to  address  population  density  and 

8.3.5.17-94 


DECEMBER  1988 

distribution  concerns,  and  subsequently  provide  additional  evidence  regarding 
this  favorable  condition,  is  outside  the  scope  of  this  document.   Information 
required  to  address  population  density  and  distribution  concerns  will  be 
identified  through  environmental  scoping  hearings  and  presented  in  the 
environmental  impact  statement . 

Favorable  condition  7:   Pre-waste-emplacement  ground-water  travel  time  along 

the  fastest  path  of  likely  radionuclide  travel  from 
the  disturbed  zone  to  the  accessible  environment  that 
substantially  exceeds  1,000  yr. 

Preliminary  calculations  of  the  ground-water  travel  time  from  the 
disturbed  zone  to  the  accessible  environment  have  been  made.   Using  an  upper 
bound  of  0.5  mm/yr  for  flux  through  the  repository  horizon,  the  mean  travel 
time  was  calculated  to  be  approximately  43,400  yr,  with  a  range  of  9,500  yr 
to  80,200  yr.   These  calculations  were  based  on  available  data  and  the 
current  understanding  of  the  geohydrologic  flow  system. 

The  strategy  for  resolving  this  FC  is  to  test  the  hypothesis  that  it  is 
present  at  the  Yucca  Mountain  site.  Additional  data  are  needed  to  refine  the 
unsaturated-  and  saturated-zone  models  so  that  more  accurate  calculations  can 
be  made.   Issue  1.6  (Section  8.3.5.12)  addresses  the  NRC  performance 
objective  for  pre-waste-emplacement  ground-water  travel  time  (10  CFR  60.113). 
This  objective  requires  that  the  ground-water  travel  time  from  the  disturbed 
zone  to  the  accessible  environment  be  at  least  1,000  yr  for  a  site  to  be 
acceptable.   The  strategy  to  demonstrate  compliance  with  the  objective, 
thereby  resolving  Issue  1.6,  is  presented  in  Section  8.3.5.12.   The  infor- 
mation needs  identified  in  the  strategy  for  Issue  1.6  are  expected  to  be 
sufficient  to  determine  the  extent  to  which  this  favorable  condition  is 
present  at  Yucca  Mountain,  i.e.,  the  extent  to  which  the  ground-water  travel 
time  exceeds  1,000  yr.   This  information  is  given  in  Section  8.3.5.12. 

Favorable  condition  8:   For  disposal  in  the  unsaturated  zone,  hydrogeologic 

conditions  that  provide:   (i)  low  and  nearly  constant 
moisture  flux  in  the  host  rock  and  in  the  overlying 
and  underlying  hydrogeologic  units,  (ii)  a  water 
table  sufficiently  below  the  underground  facility 
such  that  fully  saturated  voids  continuous  with  the 
water  table  do  not  encounter  the  underground  facil- 
ity, (iii)  a  laterally  extensive  low-permeability 
hydrogeologic  unit  above  the  host  rock  that  would 
inhibit  the  downward  movement  of  water  or  divert 
downward  moving  water  to  a  location  beyond  the  limits 
of  the  underground  facility,  (iv)  a  host  rock  that 
provides  for  free  drainage,  or  (v)  a  climatic  regime 
in  which  the  average  annual  historic  precipitation  is 
a  small  percentage  of  the  average  annual  potential 
evapotranspiration. 

The  strategy  for  resolving  this  FC  is  to  test  the  hypothesis  that  it  is 
present  at  the  Yucca  Mountain  site.   Each  part  of  the  favorable  condition 
will  be  discussed  individually. 
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(i)    Low  and  nearly  constant  moisture  flux 

This  favorable  characteristic  is  not  expected  to  exist  at  the  Yucca 
Mountain  site.   The  moisture  flux  at  the  site  is  expected  to  be  low;  however, 
the  actual  magnitude  of  the  flux  is  expected  to  vary  throughout  the  host  rock 
and  overlying  and  underlying  units.   This  variation  results  from  variations 
in  the  matrix  and  fracture  characteristics  of  the  different  rock  units. 
Also,  structural  features  such  as  fault  zones  result  in  areas  of  higher  than 
average  moisture  flux. 

(ii)   Extent  of  fully  saturated  voids 

Saturated  void  spaces  in  the  unsaturated  zone  consist  of  the  capillary 
fringe  above  the  water  table  and  any  saturated  fractures  that  extend  from  the 
water  table  upward.  The  zone  of  continuous,  fully  saturated  voids  (capillary 
fringe  and  saturated  fractures)  is  not  expected  to  extend  above  the  top  of 
the  Calico  Hills  nonwelded  unit  below  the  repository  host  rock. 

Current  data  indicate  that  in  the  area  of  Yucca  Mountain,  the  water 
table  is  approximately  500  to  750  m  below  the  ground  surface.   The  proposed 
repository  horizon  is  the  densely  welded,  divitrified  portion  of  the  Topopah 
Spring  Member  of  the  Paintbrush  tuff.  This  horizon  is  approximately  200  to 
400  m  above  the  water  table. 

(iii)   Lateral  diversion  of  infiltration 

Preliminary  evidence  suggests  that  the  downward  movement  of  water  will 
not  be  diverted  completely  beyond  the  limits  of  the  underground  facility.   It 
is  expected,  however,  that  lateral  diversion  could  occur  to  some  extent,  thus 
reducing  the  overall  downward  flux  through  the  repository. 

The  combination  of  contrasting  welded,  highly  fractured  units  and 
nonwelded,  porous  units  with  the  general  3  to  8  eastward  dip  of  the  units 
could  promote  lateral  diversion  to  some  degree.   The  nonwelded,  highly  porous 
unit  of  the  Paintbrush  Tuff  overlies  the  welded,  highly  fractured  Topopah 
Spring  unit.   Because  the  permeability  of  the  Topopah  Spring  unit  is  much 
less  than  the  permeability  of  the  nonwelded  unit,  a  permeability  barrier  is 
expected  at  the  contact.  Because  the  pores  of  the  overlying  unit  are  much 
smaller  than  the  fractures  of  the  Topopah  Spring  unit,  a  capillary  barrier  is 
also  expected.  These  barriers,  together  with  the  dip  of  the  beds,  could 
result  in  a  general,  eastward  lateral  diversion. 

Structural  features  of  high  permeability  could  disrupt  this  lateral 
movement,  however.  The  Ghost  Dance  fault,  for  example,  could  act  as  a 
conduit  for  downward  flow  through  the  repository  horizon.   The  extent  to 
which  these  conditions  are  present  needs  further  investigation  to  determine 
their  likelihood  and  significance. 

(iv)   Free  drainage 

It  is  expected  that  the  host  rock  would  be  freely  draining  if  flux 
through  the  host  rock  were  to  increase  sufficiently  to  cause  fracture  flow. 
The  welded  Topopah  Spring  unit  is  highly  fractured,  which  results  in  a  high 
bulk  permeability.  Although  matrix  flow  predominates  at  lower  fluxes, 
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fracture  flow  would  be  expected  at  higher  rates.  Existing  drill-hole  data 
support  a  position  that  the  fractured,  welded  tuff  is  continuous  beneath  the 
site;  thus,  free  drainage  would  be  expected  throughout  the  host  rock. 

(v)    Precipitation  less  than  evapotranspiration 

Meteorological  recording  stations  at  Yucca  Mountain  have  not  been  in 
operation  long  enough  to  provide  historically  significant  precipitation 
records.   Data  available  from  nearby  recording  stations  (Yucca  Flat  and 
Beatty)  indicate  average  annual  precipitation  values  of  145  and  114  mm.   The 
actual  precipitation  at  Yucca  Mountain  is  expected  to  be  slightly  higher. 
Taking  into  account  the  terrain  and  high  elevation  of  Yucca  Mountain,  the 
average  annual  precipitation  has  been  estimated  to  be  approximately  150  mm. 
Potential  evapotranspiration  has  been  estimated  by  empirical  methods  to  be 
approximately  630  mm/yr.   This  results  in  an  average  annual  precipitation 
that  is  roughly  20  percent  of  the  evapotranspiration. 

The  concerns  of  favorable  condition  8  will  be  investigated  through  the 
geohydrology  test  program  (Section  8.3.1.2).   The  concerns  of  the  first  four 
parts  of  this  condition  are  included  in  the  investigation  of  the  unsaturated- 
zone  hydrologic  properties  and  conditions.  These  properties,  shown  in 
tabular  form  in  Section  8.3.1.2,  include  fracture  and  matrix  permeability, 
flux,  flow  velocities,  matric  potentials,  moisture  content,  and  infiltration 
rates.   Collecting  data  on  these  properties  will  allow  more  quantitative 
analyses  of  the  first  four  parts  of  this  FC.  The  concerns  of  the  fifth  part, 
precipitation  and  evapotranspiration  at  Yucca  Mountain,  will  be  investigated 
through  the  meteorology  test  program  (Section  8.3.1.12).  The  information 
made  available  through  these  test  programs  for  the  resolution  of  other  issues 
is  expected  to  be  sufficient  to  determine  the  extent  to  which  each  aspect  of 
this  favorable  condition  is  present  and  could  contribute  to  waste  isolation. 

Interrelationships  of  the  information  needs 

The  strategies  for  making  the  demonstrations  required  by  10  CFR  60.122 
for  the  potentially  adverse  conditions  and  the  favorable  conditions  rely  on 
the  investigations  and  assessments  of  other  issues,  as  explained  in  the 
preceding  discussion.  All  information  necessary  to  make  these  demonstrations 
is  expected  to  be  identified  and  obtained  through  the  activities  of  these 
other  issues.   Because  the  purpose  of  the  demonstrations  required  for  the 
conditions  is  to  show  that  the  performance  objectives  can  be  met  given  the 
conditions  present  at  the  site,  it  is  also  expected  that  the  goals  and  levels 
of  confidence  identified  by  the  other  issues  are  suitable  for  resolution  of 
this  issue.  Therefore,  there  are  no  information  needs  identified  specifi- 
cally for  this  issue. 
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8.3.5.18  Issue  resolution  strategy  for  Issue  1.9:   (a)  Can  the  higher-level 
findings  reguired  by  10  CFR  Part  960  be  made  for  the  gualifying 
condition  of  the  postclosure  system  guideline  and  the  disgualifying 
and  gualifying  conditions  of  the  technical  guidelines  for 
geohydrology,  geochemistry,  rock  characteristics,  climatic  changes, 
erosion,  dissolution,  tectonics  and  human  interference;  and  (b)  can 
the  comparative  evaluations  reguired  by  10  CFR  960.3-1-5  be  made? 

The  DOE  has  established  a  set  of  siting  guidelines  to  be  used  as  a  basis 
for  evaluating  the  suitability  of  potential  repository  sites  during  the  site 
selection  process.*  These  siting  guidelines,  which  are  set  forth  in  10  CFR 
Part  960,  are  separated  into  two  categories:  those  that  address  postclosure 
conditions  (10  CFR  960.4)  and  those  that  address  preclosure  conditions 
(10  CFR  960.5).   The  manner  in  which  the  siting  guidelines  must  be  addressed 
during  the  siting  process  is  described  by  DOE  implementation  guidelines 
(10  CFR  960.3)  . 

In  addition  to  the  preclosure  and  postclosure  guidelines,  10  CFR  Part 
960  describes  two  evaluations  that  will  predict  radionuclide  releases  to  the 
accessible  environment  under  expected  conditions  during  the  next  100,000  yr 
(10  CFR  960.3-1-5).   These  evaluations  were  intended  to  compare  the  expected 
postclosure  performance  of  candidate  sites.  Given  the  passage  of  the  Nuclear 
Waste  Policy  Amendments  Act  of  1987  (NWPAA,  1987),  such  comparisons  are  no 
longer  reguired,  although  the  evaluation  will  still  be  performed.   The  first 
evaluation  will  emphasize  the  performance  of  the  natural  barriers;  the  second 
will  emphasize  the  performance  of  the  total  system. 

Issue  1.9  is  concerned  with  the  DOE's  postclosure  guidelines  (Issue 
1.9(a))  and  the  two  evaluations  of  repository  performance  over  100,000  yr 
(Issue  1.9(b)).   The  discussion  that  follows  explains  how  the  guidelines  and 
the  evaluations  will  be  addressed  and  how  the  necessary  information  will  be 
made  available.  Because  the  guidelines  and  the  comparative  evaluations  are 
distinct,  this  issue  will  be  described  in  two  parts. 

Regulatory  basis  for  Issue  1.9(a)  of  the  postclosure  siting  guidelines 

The  postclosure  siting  guidelines  consist  of  a  system  guideline  and 
eight  technical  guidelines.   The  system  guideline  is  concerned  with  the 
effect  of  the  geologic  setting  of  a  site  as  a  whole  on  postclosure  perform- 
ance of  the  repository  system.  Each  technical  guideline,  however,  is  con- 
cerned with  the  effect  of  some  specific  aspect  of  the  setting  on  postclosure 
performance.   Each  guideline  has  a  gualifying  condition  that  must  be  met  for 
a  site  to  be  acceptable.   In  addition,  five  of  the  technical  guidelines  have 
at  least  one  disgualifying  condition.  A  site  is  unacceptable  if  any  one  of 
the  disgualifying  conditions  is  found  to  be  present.   The  technical  guide- 
lines also  identify  favorable  conditions  and  potentially  adverse  conditions 


*Passage  of  the  Nuclear  Waste  Policy  Amendments  Act  of  1987  (NWPAA, 
1987)  may  impact  the  manner  in  which  this  process  is  implemented. 
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that  describe  characteristics  of  the  setting  that,  if  present,  could  con- 
tribute to  or  detract  from  the  postclosure  performance  of  a  site. 

The  implementation  guidelines  reguire  that  the  gualifying  and  disguali- 
fying  conditions  of  the  system  and  technical  guidelines  be  evaluated  and  that 
specific  findings  be  made  for  each  condition  at  principal  decision  points  in 
the  siting  process.  These  findings  are  stated  in  10  CFR  Part  960,  Appendix 
III,  and  are  shown  in  Table  8.3.5.18-1. 


Table  8.3.5.18-1.   Findings  for  gualifying  and  disgualifying  conditions 


Disgualifying  condition — lower-level  findings 

Level  1    (a)   The  evidence  does  not  support  a  finding  that  the  site  is 
disgualified. 

(b)   The  evidence  supports  a  finding  that  the  site  is  disgualified. 

Disgualifying  condition — higher-level  findings 

Level  2   (a)   The  evidence  supports  a  finding  that  the  site  is  not  disguali- 
fied on  the  basis  of  that  evidence  and  is  not  likely  to  be 
disgualified. 

(b)   The  evidence  supports  a  finding  that  the  site  is  disgualified 
or  is  likely  to  be  disgualified. 

Qualifying  condition — lower-level  findings 

Level  3   (a)   The  evidence  does  not  support  a  finding  that  the  site  is  not 
likely  to  meet  the  gualifying  condition. 

(b)   The  evidence  supports  a  finding  that  the  site  is  not  likely  to 
meet  the  gualifying  condition,  and  therefore  the  site  is 
disgualified. 

Qualifying  condition — higher-level  findings 

Level  4   (a)   The  evidence  supports  a  finding  that  the  site  meets  the 

gualifying  condition  and  is  likely  to  continue  to  meet  the 
gualifying  condition. 

(b)   The  evidence  supports  a  finding  that  the  site  cannot  meet  the 
gualifying  condition  or  is  unlikely  to  be  able  to  meet  the 
gualifying  condition,  and  therefore  the  site  is 
disgualified. 
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There  are  four  levels  of  findings.  Disqualifying  and  qualifying  condi- 
tions both  require  a  lower-level  and  a  higher-level  finding.   Lower-level 
findings  must  be  made  to  determine  if  a  site  may  be  nominated  as  suitable  for 
characterization  or  recommended  as  a  candidate  site  for  characterization. 
Higher-level  findings,  however,  must  be  made  to  determine  if  a  site  may  be 
recommended  for  the  development  of  a  repository.  Disqualifying  conditions 
require  Level  1  and  Level  2  findings,  and  qualifying  conditions  require 
Level  3  and  Level  4  findings.   Each  level  has  both  a  positive  finding  and  a 
negative  finding  associated  with  it. 

Table  8.3.5.18-2  shows  the  findings  previously  made  for  the  postclosure 
guideline  qualifying  and  disqualifying  conditions.   These  findings  and  the 
evidence  supporting  them  are  given  in  the  Yucca  Mountain  environmental 
assessment  (DOE,  1986b) .  The  available  evidence  was  sufficient  to  support 
positive  higher-level  findings  for  the  qualifying  and  disqualifying 
conditions  of  the  dissolution  technical  guideline  and  positive  lower-level 
findings  for  the  qualifying  and  disqualifying  conditions  of  the  other 
postclosure  technical  guidelines  and  the  postclosure  system  guideline.   To 
determine  if  the  Yucca  Mountain  site  is  suitable  for  the  development  of  a 
repository,  therefore,  higher-level  findings  must  be  made  for  the  remaining 
qualifying  and  disqualifying  conditions. 

The  DOE  siting  guidelines  do  not  require  any  findings  similar  to  lower- 
level  or  higher-level  findings  to  be  made  for  the  favorable  or  potentially 
adverse  conditions  of  the  technical  guidelines.  As  stated  in  the  Supple- 
mentary Information  for  10  CFR  Part  960,  Overview  of  the  Guidelines  (DOE, 
1984c) ,  these  conditions  were  intended  to  be  used  to  predict  the  suitability 
of  a  site  and  provide  a  preliminary  indication  of  system  performance  before 
the  start  of  detailed  site  characterization  studies.   These  conditions  were 
considered  and  used  in  the  identification  of  potentially  acceptable  sites, 
and  in  the  nomination  and  recommendation  of  sites  as  suitable  for  character- 
ization.  By  the  completion  of  site  characterization,  however,  sufficient 
data  will  be  available  to  directly  evaluate  site  performance  against  the 
qualifying  conditions  of  the  system  and  technical  guidelines.  Therefore,  the 
favorable  and  potentially  adverse  conditions  will  not  be  considered  in 
specific  terms  as  they  were  for  the  environmental  assessment  (DOE,  1986b) . 

Approach  to  resolving  Issue  1.9(a) 

To  resolve  Issue  1.9(a),  sufficient  evidence  must  be  available  to 
support  either  a  positive  or  negative  higher-level  finding  for  each  quali- 
fying and  disqualifying  condition  associated  with  postclosure  repository 
performance.   Each  of  the  qualifying  conditions  makes  reference  either 
directly  or  through  the  system  guideline  to  regulatory  requirements  of  the 
NRC  (specifically,  10  CFR  Part  60)  .   To  support  higher-level  findings  for  the 
qualifying  conditions,  evidence  must  show  that  the  geologic  setting  as  a 
whole  (for  the  system  guideline)  and  the  various  aspects  of  the  setting  (for 
the  technical  guidelines)  will  not  prevent  compliance  with  the  NRC 
regulations.   The  disqualifying  conditions  are  also  related  to  NRC 
regulations,  but  not  always  as  explicitly  as  the  qualifying  conditions. 

Figure  8.3.5.18-1  shows  the  strategy  for  resolving  Issue  1.9(a).  The 
first  step  is  to  eliminate  from  further  consideration  the  qualifying  and 
disqualifying  conditions  for  which  higher-level  findings  have  already  been 
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Table  8.3.5.18-2.   Preliminary  findings  on  postclosure  system  and  technical 

guidelines3 


Postclosure  guideline 
(10  CFR  960) 

Preliminary 
findingb 

960.4-1 
(a) 

Postclosure  system 

Qualifying  condition 

Level 

3(a) 

960.4-2-1 
(a) 
(d) 

Geohydrology 

Qualifying  condition 
Disqualifying  condition 

Level 
Level 

3(a) 
Ka) 

960.4-2-2 
(a) 

Geochemistry 

Qualifying  condition 

Level 

3(a) 

960.4-2-3 
(a) 

Rock,  characteristics 

Qualifying  condition 

Level 

3(a) 

960.4-2-4 
(a) 

Climate 

Qualifying  condition 

Level 

3(a) 

960.4-2-5 
(a) 
(d) 

Erosion 

Qualifying  condition 
Disqualifying  condition 

Level 
Level 

3(a) 
Ka) 

960.4-2-6 
(a) 
(d) 

Dissolution 

Qualifying  condition 
Disqualifying  condition 

Level 
Level 

4(a) 
2(a) 

960.4-2-7 
(a) 
(d) 

Tectonics 

Qualifying  condition 
Disqualifying  condition 

Level 
Level 

3(a) 
Ka) 

960.4-2-8-1 

(a) 

(d)  (1) 

(d)  (2) 

Natural  resources 

Qualifying  condition 
Disqualifying  condition 
Disqualifying  condition 

Level 
Level 
Level 

3(a) 
Ka) 

Ka) 

960.4-2-8-2 
(a) 

Site  ownership  and  control 
Qualifying  condition 

Level 

3(a) 

Preliminary  findings  from  DOE  (1986b)  . 

bSee  Table  8.3.5.18-1  for  an  explanation  of  the  finding  levels. 
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PERFORMANCE   ISSUE  1.9|al 
RESOLUTION   STRATEGY 


ADDRESS   QUALIFYING   OR 
DISQUALIFYING   CONDITION 


DOCUMENT 

PREVIOUS 

FINDING   AND 

SUPPORTING 

EVIDENCE 


ENSURE    THAT   THE   CONCERNS   OF 

THE   CONDITION   ARE   ADDRESSED 

BY   OTHER   ISSUES 


REVISE   STRATEGIES 
OF   OTHER   ISSUES 


SITE   CHARACTERIZATION 


COLLECT   ADDITIONAL 
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OTHER   ISSUE 
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SITE   IS 
REJECTED 
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ACCEPTABLE 


Figure  8.3.5.18-1.      Issue  resolution  stntegy  for  Issue  1.9(i)  (postclosure  higher-level  findings) 

8.3.5.18-5 


DECEMBER  1988 

made.  This  is  the  case  for  the  qualifying  and  disqualifying  conditions  of 
the  dissolution  technical  guideline.  Next,  for  each  remaining  condition,  it 
is  determined  whether  the  evidence  presently  available  is  sufficient  to  sup- 
port a  higher-level  finding.  This  evidence  consists  of  the  information  pre- 
sented in  the  Yucca  Mountain  environmental  assessment  (DOE,  1986b)  and  in 
Chapters  1  through  7  of  the  SCP.  If  the  evidence  is  sufficient,  the  finding 
and  the  evidence  are  documented. 

For  the  qualifying  and  disqualifying  conditions  for  which  there  is  not 
adequate  evidence  available,  the  planned  site  characterization  studies  are 
reviewed  to  determine  if  the  conditions  will  be  investigated.   This  is  accom- 
plished by  evaluating  the  resolution  strategies  of  the  other  postclosure  per- 
formance issues  that  assess  the  ability  of  the  site  to  comply  with  the  NRC's 
postclosure  regulatory  requirements  (10  CFR  Part  60)  (Issues  1.1  through 
1.6).  As  discussed  previously,  each  qualifying  and  disqualifying  condition 
is  linked  to  NRC  regulatory  requirements.   Evidence  to  support  a  higher-level 
finding  will  be  generated  through  evaluations  of  compliance  with  the  refer- 
enced NRC  regulatory  requirements.   If  the  concerns  of  the  qualifying  and 
immediately  disqualifying  conditions  are  being  considered  in  the  resolution 
strategies  of  the  issues  that  assess  compliance  with  the  regulations,  it  can 
be  expected  that  the  evidence  to  support  higher-level  findings  will  be  made 
available  through  the  information  and  analyses  that  support  resolution  of 
these  other  issues. 

After  ensuring  that  the  qualifying  and  disqualifying  conditions  will  be 
investigated,  the  information  necessary  to  evaluate  resolution  of  the  other 
postclosure  performance  issues  will  be  obtained  during  site  characterization. 
The  results  will  be  evaluated  over  the  course  of  site  characterization  to 
determine  if  sufficient  evidence  is  available  to  support  higher-level  find- 
ings.  If  the  evidence  is  deemed  sufficient  at  any  point,  the  findings  and 
the  evidence  will  be  documented.   If  the  evidence  shows  that  a  negative 
higher-level  finding  must  be  made  for  any  one  of  the  conditions  (i.e.,  that  a 
disqualifying  condition  is  present  or  that  a  qualifying  condition  is  not 
present) ,  then  the  site  will  be  immediately  disqualified.   This  evaluation 
will  continue  until  positive  higher-level  findings  can  be  supported  for  all 
the  conditions  or  until  a  negative  higher-level  finding  must  be  made. 

If,  in  evaluating  the  results  of  the  assessments,  insufficient  informa- 
tion is  found  to  support  either  a  positive  or  a  negative  higher-level  finding 
for  a  qualifying  or  disqualifying  condition,  additional  data  and  analyses  may 
be  necessary  to  satisfy  existing  information  needs.   The  resolution  strate- 
gies of  the  appropriate  performance  issues  will  be  reviewed  to  determine  if, 
in  fact,  the  condition  was  adequately  considered  and  the  information  needs 
satisfied.   If  not,  the  strategies  for  the  appropriate  performance  issues 
will  be  revised,  and  new  information  needs  will  be  identified  as  necessary, 
additional  data  will  be  collected,  and  compliance  will  be  reassessed.   This 
process  continues  until  there  is  sufficient  evidence  to  support  either  a 
positive  or  a  negative  higher-level  finding  for  every  qualifying  and  dis- 
qualifying condition. 

As  discussed  previously,  findings  are  not  required  for  the  favorable 
conditions  or  the  potentially  adverse  conditions  at  this  stage  in  the  siting 
process.   Site  conditions  that  may  favorably  affect  performance  will  be 
considered  only  to  the  extent  necessary  in  the  assessment  of  compliance  with 


3.5.18-6 


DECEMBER  1988 

the  NRC  regulations  (Issues  1.1  through  1.6;  total  system  performance,  indi- 
vidual protection,  ground-water  protection,  containment  by  waste  package, 
engineered  barrier  system  release  rates,  and  ground-water  travel  time,  re- 
spectively) .   However,  since  the  potentially  adverse  conditions  describe 
processes  or  events  that  could  adversely  affect  postclosure  performance,  it 
would  be  prudent  to  ensure  that  they  are  being  considered  in  the  appropriate 
performance  assessments  performed  in  support  of  the  other  performance  issues. 
The  concerns  of  the  potentially  adverse  conditions  of  10  CFR  Part  960  are 
very  similar  to  the  concerns  of  the  potentially  adverse  conditions  of  the 
NRC's  siting  criteria  (10  CFR  60.122),  which  are  addressed  by  Issue  1.8 
(Section  8.3.5.17).   The  strategy  for  addressing  the  potentially  adverse 
conditions  of  the  NRC  siting  criteria  is  to  link  each  of  the  conditions  to 
the  site  characteristics  and  disruptive  scenarios  being  considered  in  the 
assessments  of  postclosure  performance  of  the  total  repository  system  (Issue 
1.1,  Section  8.3.5.13)  and  the  engineered  barrier  system  (Issue  1.4,  Section 
8.3.5.9,  and  Issue  1.5,  Section  8.3.5.10).   This  will  ensure  that  the  effects 
on  postclosure  performance  of  each  of  the  potentially  adverse  conditions  of 
the  NRC  siting  criteria  will  be  evaluated.   Because  of  the  similarity  of  the 
NRC's  potentially  adverse  conditions  to  the  DOE's  potentially  adverse  condi- 
tions, the  DOE's  analysis  indicates  that  the  information  and  evaluations  per- 
formed to  support  resolution  of  Issue  1.8  (NRC  siting  criteria)  will  ensure 
that  the  effects  of  the  DOE's  potentially  adverse  conditions  on  postclosure 
performance  will  be  adeguately  evaluated. 

The  following  is  a  discussion  of  the  qualifying  condition  of  the  post- 
closure  system  guideline  and  of  each  of  the  qualifying  and  disqualifying 
conditions  of  the  postclosure  technical  guidelines.  The  ties  of  each  condi- 
tion to  the  NRC  regulations  are  explained,  and  the  postclosure  performance 
issue  resolution  strategies  that  will  be  relied  upon  are  identified.   The 
information  relevant  to  each  guideline,  which  will  be  collected  during  site 
characterization  and  used  in  the  resolution  of  the  other  issues,  is  also 
given. 

System  guideline  qualifying  condition 

The  qualifying  condition  of  the  postclosure  system  guideline  is  stated 
in  10  CFR  960.4-1  (a)  as  follows: 

The  geologic  setting  at  the  site  shall  allow  for  the  physical 
separation  of  radioactive  waste  from  the  accessible  environment 
after  closure  in  accordance  with  the  requirements  of  40  CFR  Part 
191,  Subpart  B,  as  implemented  by  the  provisions  of  10  CFR  Part  60. 
The  geologic  setting  at  the  site  will  allow  for  the  use  of 
engineered  barriers  to  ensure  compliance  with  the  requirements  of 
40  CFR  Part  191  and  10  CFR  Part  60 

This  qualifying  condition  is  concerned  with  the  overall  compatibility  of 
the  geologic  setting  with  the  isolation  of  waste.  To  satisfy  this  condition, 
evidence  must  demonstrate  that  the  characteristics  of  the  geologic  setting 
were  investigated  and  that  they  do  not  prevent  compliance  with  the  EPA' s 
requirements  for  the  physical  separation  of  radioactive  waste  from  the 
accessible  environment  after  closure  (40  CFR  Part  191,  Subpart  B,  as 
implemented  by  10  CFR  60.112)  or  prevent  the  use  of  engineered  barriers  to 
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ensure  compliance  with  these  requirements  or  those  separate  requirements 
established  by  the  NRC  for  particular  barriers  (10  CFR  60.113). 

The  requirements  of  40  CFR  Part  191,  Subpart  B,  as  implemented  by  10  CFR 
Part  60,  are  addressed  through  Issues  1.1,  1.2,  and  1.3.  Issue  1.1  assesses 
radioactive  releases  to  the  accessible  environment  during  the  next  10,000  yr 
(40  CFR  191.13,  as  implemented  by  10  CFR  60.112).   Issue  1.2  evaluates  indi- 
vidual doses  in  the  accessible  environment  (40  CFR  191.15).  Issue  1.3  is 
concerned  with  the  protection  of  special  sources  of  ground  water  (40  CFR 
191.16) . 

The  NRC's  requirements  for  particular  barriers  after  permanent  closure 
are  contained  in  10  CFR  60.113,  which  establishes  the  requirements  for  the 
performance  of  the  engineered  barrier  system  with  respect  to  waste  package 
containment  period,  limits  on  the  rate  of  releases  from  the  engineered  bar- 
rier system,  and  requirements  for  the  geologic  setting  with  respect  to  the 
pre-waste-emplacement  ground-water  travel  time.   These  requirements  are 
addressed  by  Issues  1.4,  1.5,  and  1.6,  respectively. 

The  information  that  will  be  used  to  support  a  higher-level  finding  for 
this  qualifying  condition,  therefore,  is  a  compilation  of  all  the  site  char- 
acteristics identified  and  evaluated  through  the  issue  resolution  strategies 
of  Issues  1.1  through  1.6,  and  evidence  that  these  site  characteristics  will 
not  prevent  the  resolution  of  these  six  issues. 

Issues  1.1,  1.2,  and  1.3  are  discussed  in  Sections  8.3.5.13,  8.3.5.14, 
and  8.3.5.15.   Issues  1.4,  1.5,  and  1.6  are  discussed  in  Section  8.3.5.9, 
8.3.5.10  and  8.3.5.12.   The  site  information  that  will  be  considered  and 
evaluated  in  the  resolution  of  these  issues  is  described  in  these  sections. 
Collectively,  this  represents  the  information  upon  which  a  higher-level 
finding  for  the  system  guideline  qualifying  condition  will  be  based.   The 
higher-level  findings,  however,  may  be  made  before  all  of  the  information 
that  will  support  resolution  of  these  issues  in  the  license  application 
becomes  available. 

Geohydrology  technical  guideline 

The  geohydrology  technical  guideline  has  one  qualifying  condition  and 
one  disqualifying  condition. 

Qualifying  condition.   The  qualifying  condition  for  the  geohydrology 
technical  guideline  is  stated  in  10  CFR  960.4-2-1  (a)  as  follows: 

The  present  and  expected  geohydrologic  setting  of  a  site  shall  be 
compatible  with  waste  containment  and  isolation.   The  geohydrologic 
setting,  considering  the  characteristics  of  and  the  processes 
operating  within  the  geologic  setting,  shall  permit  compliance  with 
(1)  the  requirements  specified  in  Section  960.4-1  for  radionuclide 
releases  to  the  accessible  environment  and  (2)  the  requirements 
specified  in  10  CFR  60.113  for  radionuclide  releases  from  the 
engineered-barrier  system  using  reasonably  available  technology. 

The  qualifying  condition  for  the  geohydrology  technical  guideline 
requires  that  the  present  and  expected  geohydrologic  setting  permit 
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compliance  with  the  postclosure  system  guideline  qualifying  condition  (Sec- 
tion 960.4-1).  As  explained  in  the  discussion  of  the  system  guideline  quali- 
fying condition,  the  requirements  of  that  qualifying  condition  are  addressed 
by  Issues  1.1  through  1.6. 

The  geohydrology  qualifying  condition  also  specifically  requires  that 
the  geohydrologic  setting  permit  compliance  with  the  requirements  of  10  CFR 
60.113:   radionuclide  containment  within  the  waste  package,  limits  on  allow- 
able releases  from  the  engineered  barrier  system,  and  a  minimum  pre-waste- 
emplacement  ground-water  travel  time  from  the  disturbed  zone  to  the  accessi- 
ble environment.   These  three  performance  requirements  are  addressed  by 
Issues  1.4,  1.5,  and  1.6  (Sections  8.3.5.9,  8.3.5.10,  and  8.3.5.12), 
respectively. 

The  evidence  to  support  a  higher-level  finding  for  this  qualifying 
condition,  therefore,  will  be  made  available  through  the  analyses  used  to 
evaluate  resolution  of  Issues  1.1  through  1.6.   The  evidence  will  show  how 
the  geohydrologic  setting  was  considered  in  these  evaluations  and  that  these 
characteristics  will  not  prevent  the  resolution  of  these  issues.   Table 
8.3.5.18-3  shows  the  general  present  and  expected  characteristics  of  the 
geohydrologic  setting  that  will  be  considered  by  each  issue.  A  more  detailed 
discussion  of  how  these  characteristics  will  be  evaluated  in  the  resolution 
of  each  issue  is  presented  in  the  SCP  section  addressing  that  issue. 

Disqualifying  condition.   The  disqualifying  condition  for  the  geohy- 
drology technical  guideline  is  stated  in  10  CFR  960.4-2-1 (d)  as  follows: 

A  site  shall  be  disqualified  if  the  pre-waste  emplacement  ground- 
water travel  time  from  the  disturbed  zone  to  the  accessible  envi- 
ronment is  expected  to  be  less  than  1,000  yr  along  any  pathway  of 
likely  and  significant  radionuclide  travel. 

This  disqualifying  condition  is  essentially  the  same  as  the  NRC's  pre- 
waste  emplacement  ground-water  travel  time  objective,  stated  in  10  CFR 
60.113(a)  (2).   Issue  1.6  addresses  the  NRC's  ground-water  travel  time  objec- 
tive.  In  the  process  of  resolving  Issue  1.6,  the  site  information  and  the 
calculational  models  necessary  to  determine  the  ground-water  travel  times  and 
ultimately  demonstrate  compliance  with  the  objective  will  be  compiled.  All 
the  information  necessary  to  support  a  higher  level  finding  for  the  geo- 
hydrology disqualifying  condition,  therefore,  will  be  provided  by  Issue  1.6. 
This  information  is  discussed  in  greater  detail  in  Section  8.3.5.12. 

Geochemistry  technical  guideline 

The  geochemistry  technical  guideline  has  one  qualifying  condition  and  no 
disqualifying  conditions. 

Qualifying  condition.   The  qualifying  condition  for  the  geochemistry 
technical  guideline  is  stated  in  10  CFR  960.4-2-2  (a)  as  follows: 

The  present  and  expected  geochemical  characteristics  of  a  site 
shall  be  compatible  with  waste  containment  and  isolation.   Con- 
sidering the  likely  chemical  interactions  among  radionuclides,  the 
host  rock,  and  the  ground  water,  the  characteristics  of  and  the 
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Table  8.3.5.18-3. 


Geohydrologic  characteristics  considered  in  making  a 
higher-level  finding  for  the  qualifying  condition  of 
the  geohydrology  technical  guideline,  and  issues  for 
which  the  information  will  be  obtained 


I 


Issue 


Information 


1.1  Same  characteristics  as  used  by  Issue  1.6  below 

Disruptive  conditions 

Increase  in  percolation  flux 
Change  in  water-table  altitude 
Change  in  saturated-zone  head  gradients 
Creation  of  surficial  discharge  points 

1.2  Same  characteristics  as  used  by  Issue  1.6  below 

1.3  Regional  hydrogeologic  reconnaissance  of  the  site 

Regional  ground-water  flow  system 
Ground-water  uses 

Site  hydrogeologic  system 

Aquifer  communication 

Aquifer  contamination  potential 

1.4  Water  flow  mechanism  in  the  host  rock 

Quantity  of  water  flow  in  contact  with  waste  packages 

1.5  Water  flow  mechanism  in  the  host  rock 

Quantity  of  water  flow  in  contact  with  waste  packages 

1.6  Unsaturated  zone  characteristics 

Flux 

Moisture  content 

Pressure  head  (matric  potential) 

Saturation 

Moisture  retention  curve 

Permeability 

Saturated  zone  characteristics 
Flux 

Pressure  head 
Saturated  permeability 
Aquifer  geometry 
Water-table  altitude 


processes  operating  within  the  geologic  setting  shall  permit  com- 
pliance with  (1)  the  requirements  specified  in  Section  960.4-1  for 
radionuclide  releases  to  the  accessible  environment  and  (2)  the 
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requirements  specified  in  10  CFR  60.113  for  radionuclide  releases 
from  the  engineered-barrier  system  using  reasonably  available 
technology. 

The  qualifying  condition  for  the  geochemistry  technical  guideline 
requires  that  the  present  and  expected  geochemical  setting  permit  compliance 
with  the  postclosure  system  guideline  qualifying  condition  (Section  960.4-1). 
As  explained  in  the  discussion  of  the  system  guideline  qualifying  condition, 
the  requirements  of  the  system  guideline  qualifying  condition  are  addressed 
by  Issues  1.1  through  1.6. 

The  geochemistry  qualifying  condition  also  specifically  requires  that 
the  geochemical  setting  permit  compliance  with  the  requirements  of  10  CFR 
60.113:   radionuclide  containment  within  the  waste  package,  limits  on 
allowable  releases  from  the  engineered  barrier  system,  and  a  minimum  pre- 
waste  emplacement  ground-water  travel  time  from  the  underground  facility  to 
the  accessible  environment.   These  three  performance  requirements  are 
addressed  by  Issues  1.4,  1.5,  and  1.6  (Sections  8.3.5.9,  8.3.5.10,  and 
8.3.5.12),  respectively. 

The  evidence  to  support  a  higher-level  finding  for  this  qualifying 
condition,  therefore,  will  be  made  available  through  the  analyses  used  to 
evaluate  the  resolution  of  Issues  1.1  through  1.6.  The  evidence  will  show 
how  the  geochemical  setting  was  considered  and  that  these  characteristics 
will  not  prevent  the  resolution  of  these  issues.   Table  8.3.5.18-4  shows  the 
general  present  and  expected  characteristics  of  the  geochemical  setting  that 
will  be  considered  during  the  resolution  of  each  issue.  A  more  detailed 
discussion  of  how  these  characteristics  will  be  evaluated  in  the  resolution 
of  each  issue  is  presented  in  the  SCP  section  addressing  that  issue. 

Rock  characteristics  technical  guideline 

The  rock  characteristics  technical  guideline  has  one  qualifying 
condition  and  no  disqualifying  conditions. 

Qualifying  condition.   The  qualifying  condition  for  the  rock  character- 
istics technical  guideline  is  stated  in  10  CFR  960.4-2-3  (a)  as  follows: 

The  present  and  expected  characteristics  of  the  host  rock  and  sur- 
rounding units  shall  be  capable  of  accommodating  the  thermal, 
chemical,  mechanical,  and  radiation  stresses  expected  to  be  induced 
by  repository  construction,  operation,  and  closure  and  by  expected 
interactions  among  the  waste,  host  rock,  ground  water,  and 
engineered  components.   The  characteristics  of  and  the  processes 
operating  within  the  geologic  setting  shall  permit  compliance  with 
(1)  the  requirements  specified  in  Section  960.4-1  for  radionuclide 
releases  to  the  accessible  environment  and  (2)  the  requirements  set 
forth  in  10  CFR  60.113  for  radionuclide  releases  from  the 
engineered-barrier  system  using  reasonably  available  technology. 

The  qualifying  condition  for  the  rock  characteristics  technical  guide- 
line requires  that  the  present  and  expected  characteristics  of  the  host  rock 
and  surrounding  units  permit  compliance  with  the  postclosure  system  guideline 
qualifying  condition  (Section  960.4-1).  As  explained  in  the  discussion  of 

8.3.5.18-11 


DECEMBER  1988 

Table  8.3.5.18-4 


Geochemical  characteristics  considered  in  making  a 
higher-level  finding  for  the  qualifying  condition  of 
the  geochemistry  technical  guideline,  and  issues  for 
which  the  information  will  be  obtained 


Issue 


Information 


1.1 


1.2 

1.3 

1.4 
1.5 
1.6 


Coupling  factors  and  radionuclide  retardation  factors 
Gas-phase  carbon-14  transport  characteristics 
Disruptive  conditions 

Change  in  ground-water  chemistry 
Change  in  unsaturated  zone  Kd  values 
Change  in  saturated  zone  Kd  values 

Coupling  factors  and  radionuclide  retardation  factors 
Gas-phase  carbon-14  transport  characteristics 

No  geochemistry  information  needed 

Ground-water  chemistry  in  host  rock 

Ground-water  chemistry  in  host  rock 

No  geochemistry  information  needed 


the  system  guideline  qualifying  condition,  the  requirements  of  that  quali- 
fying condition  are  addressed  by  Issues  1.1  through  1.6. 

The  rock  characteristics  qualifying  condition  also  specifically  requires 
that  the  rock  characteristics  permit  compliance  with  the  requirements  of 
10  CFR  60.113:   radionuclide  containment  within  the  waste  package,  limits  on 
allowable  releases  from  the  engineered  barrier  system,  and  a  minimum  pre- 
waste  emplacement  ground-water  travel  time  from  the  underground  facility  to 
the  accessible  environment.   These  three  performance  requirements  are 
addressed  by  Issues  1.4,  1.5,  and  1.6  (Sections  8.3.5.9,  8.3.5.10,  and 
8.3.5.12),  respectively. 


The  evidence  to  support  a 
dition,  therefore,  will  be  made 
evaluate  resolution  of  Issues  1 
the  rock  characteristics  of  the 
evaluations.   Table  8.3.5.18-5 
istics  of  the  geologic  setting 
detailed  discussion  of  how  thes 
resolution  of  each  issue  is  pre 
issue. 


higher-level  finding  for  this  qualifying  con- 
available  through  the  analyses  used  to 
1  through  1.6.   The  evidence  will  show  how 
geologic  setting  were  considered  in  these 
shows  the  present  and  expected  rock  character- 
that  will  be  considered  by  each  issue.  A  more 
e  characteristics  will  be  evaluated  in  the 
sented  in  the  SCP  section  addressing  that 
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Table  8.3.5.18-5.   Rock  characteristics  considered  in  making  a  higher- 
level  finding  for  the  gualifying  condition  of  the 
rock  characteristics  technical  guideline,  and  issues 
for  which  the  information  will  be  obtained 


Issue  Information 

1.1  Unsaturated  zone  characteristics 

Effective  porosity 

Location  of  geologic  unit  contacts 

Fault  zone  characteristics 

Bulk  density 

Fracture  freguency 

Saturated  zone  characteristics 
Effective  thickness 
Effective  porosity 
Fracture  compressibility 
Matrix-fracture  interface 

const rictivity-tortuous it y  factors 
Fracture  freguency 
Fault  zone  characteristics 

1.2  Same  characteristics  as  those  used  by  Issue  1.1 

1.3  No  rock  characteristics  information  reguired 

1.4  No  rock  characteristics  information  reguired 

1.5  No  rock  characteristics  information  reguired 

1.6  Unsaturated  zone  characteristics 

In  situ  temperature 

Bulk  density 

Effective  porosity 

Hydrologic  unit  contact  altitudes 

Fault  displacement 

Fault  locations 

Saturated  zone  characteristics 
Bulk  density 
Effective  porosity 
Aguifer  geometry 

Lithologic  unit  contact  altitudes 
Fault  displacement 
Fault  locations 
Fracture  characteristics 
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Climatic  changes  technical  guideline 

The  climatic  changes  technical  guideline  has  one  gualifying  condition 
and  no  disgualifying  conditions. 

Qualifying  condition.   The  qualifying  condition  for  the  climatic  changes 
technical  guideline  is  stated  in  10  CFR  960.4-2-4  (a)  as  follows: 

The  site  shall  be  located  where  future  climatic  conditions  will  not 
be  likely  to  lead  to  radionuclide  releases  greater  than  those 
allowable  under  the  requirements  specified  in  Section  960.4-1.   In 
predicting  the  likely  future  climatic  conditions  at  a  site,  the  DOE 
will  consider  the  global,  regional,  and  site  climatic  patterns 
during  the  Quaternary  Period,  considering  the  geomorphic  evidence 
of  the  climatic  conditions  in  the  geologic  setting. 

The  future  climatic  conditions  at  the  site  are  expected  to  have  some 
effect  on  the  geohydrologic  characteristics  of  the  site  during  the  next 
10,000  yr.   The  qualifying  condition  for  the  climatic-changes  technical 
guideline  requires  that  the  future  climatic  conditions,  both  expected  and 
unexpected,  permit  compliance  with  the  postclosure  system  guideline  qualify- 
ing condition  (10  CFR  960.4-1).  As  explained  in  the  discussion  of  the  system 
guideline  qualifying  condition,  the  requirements  of  the  postclosure  system 
guideline  qualifying  condition  are  addressed  by  Issues  1.1  through  1.6. 

Future  climatic  conditions  will  be  investigated  during  site  characteri- 
zation to  establish  the  potential  for  unexpected  disruptive  changes  to  the 
hydrologic  system  as  a  result  of  unexpected,  yet  credible,  climatic  condi- 
tions.  These  unexpected  changes  in  the  geohydrologic  setting  will  be  fac- 
tored into  the  evaluations  for  resolution  of  Issue  1.1. 

The  requirements  of  40  CFR  191.13,  40  CFR  191.15,  and  40  CFR  191.16, 
which  are  addressed  by  Issues  1.1,  1.2,  and  1.3,  and  of  10  CFR  60.113,  which 
is  addressed  by  Issues  1.4,  1.5,  and  1.6,  are  concerned  with  the  undisturbed 
expected  performance  of  the  repository  system.   Future  expected  climatic 
conditions  will  be  factored  into  the  resolution  of  these  issues  through  the 
evaluation  of  the  expected  geohydrologic  setting.   Issue  1.1  must  also  take 
disruptive  processes  and  events  into  account. 

The  evidence  to  support  a  higher-level  finding  will  consist  of  demon- 
strations that  future  climatic  conditions,  both  expected  and  unexpected,  have 
been  investigated  and  that  these  conditions  will  not  prevent  the  resolution 
of  Issues  1.1  through  1.5.   Table  8.3.5.18-6  shows  the  effects  of  future 
unexpected  disruptive  climatic  conditions  that  will  be  considered  specifi- 
cally during  the  resolution  of  Issue  1.1.   The  way  in  which  these  effects 
will  be  evaluated  in  the  resolution  of  Issue  1.1  is  discussed  in  Section 
8.3.5.13.  As  stated  previously,  the  effects  of  expected  conditions  will  be 
incorporated  in  the  resolution  of  the  other  issues  through  the  development 
and  evaluation  of  the  expected  geohydrologic  setting. 


3.5.18-14 


DECEMBER  1988 

Table  8.3.5.18-6.   Effects  of  future  climatic  conditions  considered 

in  making  a  higher-level  finding  for  the  qualifying 
condition  of  the  climatic  change  technical  guideline 
and  in  the  resolution  of  Issue  1.1 


Issue  Information 


1.1  Disruptive  conditions: 

Change  in  infiltration  through  host  rock 

Change  in  water  table  altitude 

Change  in  saturated-zone  head  gradients 

Creation  of  surficial  discharge  points 


Erosion  technical  guideline 

The  erosion  technical  guideline  has  one  qualifying  condition  and  one 
disqualifying  condition. 

Qualifying  condition.  The  qualifying  condition  for  the  erosion 
technical  guideline  is  stated  in  10  CFR  960.4-2-5  (a)  as  follows: 

The  site  shall  allow  the  underground  facility  to  be  placed  at  a 
depth  such  that  the  erosional  processes  acting  upon  the  surface 
will  not  be  likely  to  lead  to  radionuclide  releases  greater  than 
those  allowable  under  the  requirements  specified  in  Section 
960.4-1.   In  predicting  the  likelihood  of  potentially  disruptive 
erosional  processes,  the  DOE  will  consider  the  climatic,  tectonic, 
and  geomorphic  evidence  of  rates  and  patterns  of  erosion  in  the 
geologic  setting  during  the  Quaternary  Period. 

Hypothetically,  future  erosional  processes  could  affect  the  transport  of 
radionuclides  to  the  accessible  environment  by  decreasing  the  thickness  of 
the  overburden,  or  by  creating  surficial  discharge  points  between  the  under- 
ground facility  and  the  boundary  of  the  accessible  environment.   The  quali- 
fying condition  for  the  erosion  technical  guideline  requires  that  the  future 
erosional  processes,  both  expected  and  unexpected,  permit  compliance  with  the 
postclosure  system  guideline  qualifying  condition  (10  CFR  960.4-1).  As 
explained  in  the  discussion  of  the  system  guideline  qualifying  condition,  the 
requirements  of  the  postclosure  system  guideline  qualifying  condition  are 
addressed  by  Issues  1.1  through  1.6. 

The  requirements  of  40  CFR  191.13,  40  CFR  191.15,  and  40  CFR  191.16, 
which  are  addressed  by  Issues  1.1,  1.2,  and  1.3,  and  of  10  CFR  60.113,  which 
are  addressed  by  Issues  1.4  and  1.5,  are  concerned  with  the  undisturbed 
expected  performance  of  the  repository  system  (the  requirement  of  10  CFR 
60.113  addressed  by  Issue  1.6  considers  pre-emplacement  conditions).   Future 
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expected  erosional  processes  will  be  investigated  during  site  characteriza- 
tion and  will  be  factored  into  the  resolution  of  these  issues  through  the 
evaluation  of  the  expected  geohydrologic  setting  and  rock  characteristics. 
Issue  1.11  must  also  take  into  account  disruptive  processes  and  events.  As 
discussed  in  Section  8.3.5.13,  erosion  has  been  considered  in  the  identifi- 
cation of  disruptive  scenarios.  Erosional  processes  at  the  Yucca  Mountain 
site  have  been  evaluated  and  no  disruptive  scenarios  associated  with  ero- 
sional processes  have  been  found  that  are  credible  at  the  site  during  the 
next  10,000  yr.   Evidence  to  support  this  position  is  presented  in  Chapter  1. 

Disgualifying  condition.   The  disqualifying  condition  for  the  erosion 
technical  guideline  is  stated  in  10  CFR  960.4-2-5 (d)  as  follows: 

The  site  shall  be  disqualified  if  site  conditions  do  not  allow  all 
portions  of  the  underground  facility  to  be  situated  at  least  200  m 
below  the  directly  overlying  ground  surface. 

A  positive  higher-level  finding  can  be  made  for  the  disqualifying 
condition  on  erosion  on  the  basis  of  the  geologic  unit  selected  for  the 
repository  location  and  the  conceptual  design  for  the  repository,  which  place 
the  repository  at  a  depth  in  excess  of  200  m  from  the  overlying  ground 
surface  (Chapter  6) . 

Dissolution  technical  guideline 

The  dissolution  technical  guideline  has  one  qualifying  condition  and  one 
disqualifying  condition.   The  qualifying  condition  is  stated  in  10  CFR 
960.4-2-6(a)  as  follows: 

The  site  shall  be  located  such  that  any  subsurface  rock  dissolution 
will  not  be  likely  to  lead  to  radionuclide  releases  greater  than 
those  allowable  under  the  requirements  specified  in  Section 
960.4-1.   In  predicting  the  likelihood  of  dissolution  within  the 
geologic  setting  at  a  site,  the  DOE  will  consider  the  evidence  of 
dissolution  within  that  setting  during  the  Quaternary  Period, 
including  the  locations  and  characteristics  of  dissolution  fronts 
or  other  dissolution  features,  if  identified. 

The  disqualifying  condition  is  stated  in  10  CFR  960.4-2-6  (d)  as  follows: 

The  site  will  be  disqualified  if  it  is  likely  that,  during  the 
first  10,000  yr  after  closure,  active  dissolution,  as  predicted  on 
the  basis  of  the  geologic  record,  would  result  in  a  loss  of  waste 
isolation. 

Positive  higher-level  findings  have  been  made  previously  for  these  two 
conditions  for  the  Yucca  Mountain  site.   The  evidence  supporting  these 
higher-level  findings  is  presented  in  Chapter  6  of  the  Yucca  Mountain  envi- 
ronmental assessment  (DOE,  1986b) .   Since  higher-level  findings  have  been 
made,  the  dissolution  technical  guideline  does  not  need  to  be  considered 
further. 
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Tectonics  technical  guideline 

The  tectonics  technical  guideline  has  one  qualifying  condition  and  one 
disqualifying  condition. 

Qualifying  condition.   The  qualifying  condition  for  the  tectonics 
technical  guideline  is  stated  in  10  CFR  960.4-2-7  (a)  as  follows: 

The  site  shall  be  located  in  a  geologic  setting  where  future 
tectonic  processes  or  events  will  not  be  likely  to  lead  to  radio- 
nuclide releases  greater  than  those  allowable  under  the  require- 
ments specified  in  Section  960.4-1.   In  predicting  the  likelihood 
of  potentially  disruptive  tectonic  processes  or  events,  the  DOE 
will  consider  the  structural,  stratigraphic,  geophysical,  and 
seismic  evidence  for  the  nature  and  rates  of  tectonic  processes  and 
events  in  the  geologic  setting  during  the  Quaternary  Period. 

Future  tectonic  activity  at  the  site  is  expected  to  have  some  effect  on 
the  geohydrologic  and  rock  characteristics  of  the  site  during  the  next 
10,000  yr.   The  qualifying  condition  for  the  tectonics  technical  guideline 
requires  that  future  tectonic  activity,  both  expected  and  unexpected,  permit 
compliance  with  the  postclosure  system  guideline  qualifying  condition  (10  CFR 
960.4-1).   Predictions  of  future  tectonic  activity  will  be  based  on  the  evi- 
dence of  such  activity  during  the  Quaternary.  As  explained  in  the  discussion 
of  the  system  guideline  qualifying  condition,  the  requirements  of  the  post- 
closure  system  guideline  qualifying  condition  are  addressed  by  Issues  1.1 
through  1.6. 

Future  tectonic  activity  will  be  investigated  during  site  charac- 
terization to  establish  the  potential  for  unexpected  disruptive  changes  to 
the  expected  conditions  as  a  result  of  unexpected,  yet  credible,  tectonic 
events  and  processes. 

The  requirements  of  40  CFR  191.13,  40  CFR  191.15,  and  40  CFR  191.16, 
which  are  addressed  by  Issues  1.1,  1.2,  and  1.3,  and  of  10  CFR  60.113,  which 
are  addressed  by  Issues  1.4  and  1.5,  are  concerned  with  the  undisturbed 
expected  performance  of  the  repository  system  (the  requirement  of  10  CFR 
60.113  addressed  by  Issue  1.6  considers  pre-emplacement  conditions).   Future 
likely  tectonic  activity  will  be  factored  into  the  resolution  of  these  issues 
through  the  evaluation  of  the  expected  geohydrologic  and  rock  characteris- 
tics.  Issue  1.1  must  also  take  disruptive  processes  and  events  into  account. 

The  evidence  to  support  a  higher-level  finding  will  consist  of  demon- 
strations that  the  potential  for  future  tectonic  activity  has  been  investi- 
gated and  that  any  such  activity  will  not  prevent  the  resolution  of  this 
issue.   Table  8.3.5.18-7  shows  the  effects  of  future  disruptive  tectonic 
activity  that  will  be  considered  during  the  resolution  of  Issue  1.1.  The  way 
in  which  these  effects  will  be  evaluated  in  the  resolution  of  Issue  1.1  is 
discussed  in  Section  8.3.5.13. 
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Table  8.3.5.18-7.   Effects  of  future  tectonic  activity  considered  in 

making  a  higher-level  finding  for  the  qualifying 
condition  of  the  tectonics  technical  guideline  and  in 
the  resolution  of  Issue  1.1 


Issue  Information 


1.1  Structural  deformation 

Rupturing  waste  packages 
Increasing  water  table  altitude 
Increasing  percolation  flux 
Altering  hydraulic  gradients 
Diverting  flow  pathways 

Igneous  activity 

Causing  direct  releases 
Rupturing  waste  packages 
Altering  hydraulic  gradients 
Diverting  flow  pathways 
Increasing  water  table  altitude 

Ground  motion 

Closure  of  borehole  air  gap 


Disqualifying  condition.   The  disqualifying  condition  for  the  tectonics 
technical  guideline  is  stated  in  10  CFR  960.4-2-7 (d)  as  follows: 

A  site  shall  be  disqualified  if,  based  on  the  geologic  record 
during  the  Quaternary  Period,  the  nature  and  rates  of  fault  move- 
ment or  other  ground  motion  are  expected  to  be  such  that  a  loss  of 
waste  isolation  is  likely  to  occur. 

This  disqualifying  condition  is  concerned  with  future  fault  movement  or 
other  tectonics-related  ground  motion  disrupting  the  geologic  setting  during 
the  next  10,000  yr  such  that  isolation  will  be  adversely  affected.   The  DOE 
defines  isolation  in  10  CFR  960.2  as  "inhibiting  the  transport  of  radioactive 
material  so  that  the  amounts  and  concentrations  of  this  material  entering  the 
accessible  environment  will  be  kept  within  prescribed  limits."  The  pre- 
scribed limits  are  those  limits  set  forth  by  the  EPA  in  40  CFR  Part  191, 
Appendix  A  and  implemented  by  10  CFR  60.112.   The  effects  of  fault  movement 
or  other  ground  motion  on  waste  isolation  will  be  evaluated  as  part  of  the 
evaluation  of  the  tectonics  guideline  qualifying  condition  for  expected 
performance. 
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Human  interference  technical  guideline 

This  technical  guideline  has  two  parts.   The  first  part  is  concerned 
with  natural  resources  and  has  one  gualifying  condition  and  two  disqualifying 
conditions.   The  second  part  is  concerned  with  site  ownership  and  control, 
and  has  one  qualifying  condition. 

Natural  resources  qualifying  condition.   The  natural  resources 
qualifying  condition  of  the  human  interference  technical  guideline  is  stated 
in  10  CFR  960.4-2-8-1 (a)  as  follows: 

This  site  shall  be  located  such  that — considering  permanent  markers 
and  records  and  reasonable  projections  of  value,  scarcity,  and 
technology —  the  natural  resources,  including  ground  water  suitable 
for  crop  irrigation  or  human  consumption  without  treatment,  present 
at  or  near  the  site  will  not  be  likely  to  give  rise  to  interference 
activities  that  would  lead  to  radionuclide  releases  greater  than 
those  allowable  under  the  requirements  specified  in  Section 
960.4-1. 

The  presence  of  natural  resources  at  a  site  has  the  potential  to  encour- 
age activities  that  could  interfere  with  the  isolation  of  waste.   Human 
activities  could  result  in  direct  releases,  if  the  waste  containers  were 
penetrated  and  waste  brought  to  the  surface,  or  could  affect  isolation  in 
other  ways,  such  as  a  shortening  of  travel  pathways  by  ground-water  removal. 
The  natural  resource  qualifying  condition  requires  that  the  extent  of  natural 
resources  at  the  site  be  such  that  retrieval  activities  in  the  future  would 
not  be  likely,  so  that  compliance  with  the  postclosure  system  guideline  would 
not  be  prevented.  As  explained,  the  requirements  of  the  system  guideline  are 
addressed  by  Issues  1.1  through  1.6. 

The  requirements  of  40  CFR  191.15  and  40  CFR  191.16,  which  are  addressed 
by  Issues  1.2  and  1.3,  and  of  10  CFR  60.113,  which  are  addressed  by  Issues 
1.4,  1.5,  and  1.6,  are  only  concerned  with  the  undisturbed  performance  of  the 
repository  system  (the  requirement  of  10  CFR  60.113  addressed  by  Issue  1.6 
considers  pre-waste-emplacement  conditions) .   Since  human  intrusion  due  to 
the  potential  for  natural  resources  is  considered  a  disruptive  scenario,  the 
evidence  to  support  a  higher-level  finding  for  this  qualifying  condition  will 
be  made  available  through  the  information  and  analyses  used  to  support  reso- 
lution of  Issue  1.1,  which  will  consider  the  long-term  performance  of  the 
system  and  take  disruptive  processes  and  events  into  account.  The  evidence 
will  consist  of  demonstrations  that  the  potential  for  future  human  interfer- 
ence has  been  investigated  and  will  not  prevent  the  resolution  of  this  issue. 
Table  8.3.5.18-8  shows  the  future  human  activities  that  will  be  considered 
during  the  resolution  of  Issue  1.1.  The  way  in  which  these  effects  will  be 
evaluated  in  the  resolution  of  Issue  1.1  is  discussed  in  Section  8.3.5.13. 
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Table  8.3.5.18-8.   Effects  of  human  activities  considered  in  making  a 

higher-level  finding  for  the  gualifying  condition  of 
the  human  interference  technical  guideline  and  in  the 
resolution  of  Issue  1.1 


Issue  Information 


1.1  Irrigation 

Change  in  flux  through  repository  horizon 

Change  in  water-table  altitude 

Change  in  saturated-zone  head  gradients 

Ground-water  withdrawal 

Change  in  water-table  altitude 

Change  in  saturated-zone  head  gradients 

Surface  and  subsurface  mining 

Change  in  water-table  altitude 

Change  in  saturated-zone  head  gradients 

Construction  of  surface  water  impoundments 
Change  in  flux  through  repository  horizon 
Change  in  water-table  altitude 
Change  in  saturated-zone  head  gradients 

Exploratory  drilling 

Potential  for  and  effects  of  interception  of 
waste  by  exploratory  drilling 


Natural  resources  disqualifying  conditions.   There  are  two  disqualifying 
conditions  for  the  natural  resources  section  of  the  human  interference 
technical  guideline.   They  are  stated  in  10  CFR  960 . 4-2-8-1 (d)  as  follows: 

A  site  shall  be  disqualified  if 

1.  Previous  exploration,  mining,  or  extraction  activities  for  resources 
of  commercial  importance  at  the  site  have  created  significant 
pathways  between  the  projected  underground  facility  and  the 
accessible  environment;  or 

2.  Ongoing  or  likely  future  activities  to  recover  presently  valuable 
natural  mineral  resources  outside  the  controlled  area  would  be 
expected  to  lead  to  an  inadvertent  loss  of  waste  isolation. 

This  disqualifying  condition  is  essentially  the  inverse  of  the  natural 
resources  qualifying  condition  discussed  previously.   (In  establishing  the 
disruptive  scenarios  associated  with  human  activities  that  could  occur  at  the 
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site,  previous  exploration,  mining,  and  extraction  activities  are  investi- 
gated.)  Therefore,  the  same  evidence  that  will  support  a  higher-level 
finding  for  the  qualifying  condition  will  be  sufficient  to  support  a  higher- 
level  finding  for  this  disqualifying  condition. 

Site  ownership  and  control  technical,  guideline 

Site  ownership  and  control  qualifying  condition.  The  site  ownership  and 
control  qualifying  condition  of  the  human  interference  technical  guideline  is 
stated  in  10  CFR  960 . 4-2-8-2  (a)  as  follows: 

The  site  shall  be  located  on  land  for  which  the  DOE  can  obtain,  in 
accordance  with  the  requirements  of  10  CFR  Part  60,  ownership, 
surface  and  subsurface  rights,  and  control  of  access  that  are 
required  in  order  that  potential  surface  and  subsurface  activities 
at  the  site  will  not  be  likely  to  lead  to  radionuclide  releases 
greater  than  those  allowable  under  the  requirements  specified  in 
Section  960.4-1. 

The  concern  of  this  qualifying  condition  is  an  institutional  one  related 
to  acquiring  sufficient  land  for  the  controlled  area  in  compliance  with  the 
requirements  of  10  CFR  60.121.  DOE  ownership  and  control  of  this  land  is 
expected  to  decrease  the  potential  for  future  human  interference  activities. 
The  institutional  concerns  of  this  guideline  condition  are  outside  the  scope 
of  site  characterization  as  defined  by  the  Nuclear  Waste  Policy  Act  (NWPA, 
1983)  and,  hence,  are  outside  the  scope  of  the  SCP .   The  issue  of  land 
acquisition  will  be  addressed  in  future  environmental  program  planning  (see 
Section  8.3.1.11) . 

Regulatory  basis  for  Issue  1.9(b)  of  the  postclosure  siting  guideline 

Comparative  evaluations  of  postclosure  performance,  as  stipulated  in 
10  CFR  960.3-1-5,  are  no  longer  needed  as  the  result  of  the  passage  of  the 
NWPAA  (NWPAA,  1987)  .   Following  the  characterization  of  the  Yucca  Mountain 
site  and  before  recommending  the  site  for  the  development  of  a  repository, 
the  DOE  will  nevertheless  evaluate  the  postclosure  performance  of  the  reposi- 
tory system.  The  NRC  implementation  guidelines  (10  CFR  960.3-1-5)  will  be 
followed  in  making  these  evaluations.   The  guidelines  state  that  "predicted 
releases  of  radionuclides  to  the  accessible  environment"  will  be  evaluated  by 
combining  "releases  of  different  radionuclides. . .by  the  methods  specified  in 
Appendix  A  of  40  CFR  Part  191." 

Two  evaluations  are  required  to  predict  releases  for  100,000  yr  after 
repository  closure.   The  first  evaluation  will  emphasize  the  performance  of 
the  natural  barriers  at  the  site.   The  second  evaluation  will  (1)  consider 
the  expected  performance  of  the  repository  system;  (2)  be  based  on  the 
expected  performance  of  waste  packages  and  waste  forms,  in  compliance  with 
the  requirements  of  10  CFR  60.113,  and  on  the  expected  hydrologic  and 
geochemical  conditions  at  the  site;  and  (3)  take  credit  for  the  expected 
performance  of  all  other  engineered  components  of  the  repository  system. 

In  making  these  evaluations,  the  DOE  will  only  consider  natural 
processes  and  events  that  are  considered  likely  to  occur  or  exist  at  the  site 
over  the  next  100,000  yr. 
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Approach  to  resolving  Issue  1.9(b) 

Issue  1.1  addresses  the  NRC's  overall  system  performance  objective 
(10  CFR  60.112).   For  the  resolution  of  Issue  1.1,  an  assessment  of  the  total 
system  performance  will  be  made  to  predict  the  performance  of  the  total 
repository  system  over  the  next  10,000  yr.   This  assessment  will  consider 
both  undisturbed  and  disturbed  conditions.  Undisturbed  conditions  are  those 
processes  and  events  that  have  a  probability  greater  than  0.1  of  occurring  or 
existing  at  the  site  during  the  next  10,000  yr.  Disturbed  conditions  are 
those  processes  and  events  that  have  a  probability  between  0.1  and  0.0001  of 
occurring  or  existing  during  the  next  10,000  yr  at  the  site.   Processes  and 
events  that  have  a  probability  of  less  than  0.0001  of  occurring  or  existing 
at  the  site  during  the  next  10,000  yr  are  considered  incredible  and  will  not 
be  considered. 

Scenario  classes  have  been  identified  to  describe  the  events  and  proc- 
esses.  These  scenario  classes  are  described  in  Section  8.3.5.13.   Through 
the  resolution  strategy  of  Issue  1.1,  performance  measures  and  parameters 
have  been  identified  to  address  the  scenario  classes. 

To  resolve  Issue  1.9(b),  the  DOE  will  rely  on  the  same  strategy  used  to 
resolve  Issue  1.1,  with  a  few  modifications.   The  nominal  scenario  class,  the 
class  describing  undisturbed  conditions,  will  be  expanded  to  include  those 
processes  and  events  that  have  a  probability  of  greater  than  0 . 1  of  occurring 
during  the  next  100,000  yr.   This  means  that  certain  scenario  classes  con- 
sidered to  represent  disturbed  conditions  over  the  10,000-yr  performance 
period  may  fall  within  the  nominal  scenario  class  for  the  100,000-yr  per- 
formance period.  The  same  total  system  model  and  submodels  used  to  resolve 
Issue  1.1  will  be  used  for  Issue  1.9(b),  however,  additional  information  may 
be  necessary.  Disturbed  scenario  classes — those  within  a  probability  of  less 
than  0.1  of  occurring  at  the  site  during  the  next  100,000  yr — are  considered 
to  be  incredible  and  need  not  be  considered. 

Figure  8.3.5.18-2  shows  this  strategy.   The  first  step  is  to  evaluate 
the  nominal  and  disturbed-performance  scenario  classes  that  are  being  con- 
sidered in  the  assessment  of  the  10,000-yr  performance  of  Issue  1.1.   Those 
conditions  that  are  within  the  10,000-yr  nominal-performance  scenario  class 
will  also  be  considered  in  the  nominal-performance  scenario  class  for  the 
100,000-yr  evaluation.   In  addition,  the  100,000  yr  nominal  scenario  class 
may  need  to  be  expanded  because  (1)  some  of  the  disturbed-performance  sce- 
nario classes  of  the  10,000-yr  assessment  may  become  part  of  the  nominal- 
performance  scenario  class  of  the  100,000-yr  evaluation,  and  (2)  some  events 
and  processes  eliminated  from  consideration  in  the  10,000-yr  assessment  may 
need  to  be  considered  in  the  100,000-yr  nominal-performance  scenario  class. 
In  both  cases,  this  will  depend  upon  the  probability  of  occurrence  of  the 
events  of  these  scenario  classes,  i.e.,  if  the  probability  of  realization 
during  the  next  100,000  yr  is  greater  than  0.1.   The  determination  of  events 
and  processes  that  need  to  be  considered,  as  in  the  assessment  of  10,000-yr 
performance,  are  identified  based  on  available  evidence  and  professional 
judgment  and  will  be  revised  as  necessary  based  on  new  information. 

The  next  step,  once  the  nominal  performance  scenario  class  of  events  and 
processes  is  established,  is  to  determine  what  information  is  required  to 
evaluate  the  scenario  class  and  assess  the  performance  of  the  repository 
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Figure  8.3.5.18-2.      Resolution  strategy  for  Issue  1  9(b) 
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during  the  next  100,000  yr.  This  is  accomplished  by  evaluating  the  data 
requirements  of  Issue  1.1.  As  mentioned  previously,  the  models  used  in  the 
10,000-yr  performance  are  sufficient  to  evaluate  100,000-yr  performance.   The 
only  additional  information  would  be  the  information  needed  to  address  events 
and  processes  that  were  not  included  in  either  the  nominal  or  disturbed- 
performance  scenario  classes  of  Issue  1.1,  o'r  the  information  necessary  to 
address  events  or  processes  over  100,000  yr  that  would  not  be  adequately 
addressed  by  data  for  the  10,000-yr  period. 

Once  these  data  needs  are  established,  site  characterization  is  con- 
ducted.  The  necessary  information  is  collected  during  this  phase,  and  the 
100,000-yr  performance  of  the  repository  is  assessed,  based  on  the  100,000-yr 
nominal-performance  scenario  class  and  using  the  same  techniques,  models, 
etc.,  as  those  used  in  the  resolution  of  Issue  1.1.  With  respect  to  a  radio- 
nuclide source  term,  two  evaluations  are  made,  in  accordance  with  10  CFR 
960.3-1-5.   The  first  will  assess  the  performance  of  the  repository  system, 
using  as  a  source  term  a  range  of  release  rates  bounded  by  a  factor  of  ten 
above  and  below  the  rates  specified  in  10  CFR  60.113,  thus  emphasizing  the 
isolation  capabilities  of  the  site's  natural  barriers.  The  second  assessment 
will  use  as  a  radionuclide  source  term  the  actual  expected  performance  of  the 
engineered  barrier  system.   This  will  allow  full  assessment  of  all  aspects  of 
the  repository  system  at  the  site. 

If  during  these  evaluations  insufficient  information  is  available  to 
assess  the  100,000-yr  performance,  the  data  base  will  be  reviewed.   If  the 
information  identified  is  found  adequate,  but  the  data  to  satisfy  the  infor- 
mation needs  are  not,  additional  data  will  be  collected.  Otherwise,  addi- 
tional information  needs  may  be  necessary  to  assess  100,000-yr  performance. 

This  reevaluation  will  continue  until  a  satisfactory  assessment  of 
100,000-yr  performance  is  attained.   The  results  of  both  evaluations  will 
then  be  documented  and  used  in  the  recommendation  of  the  site  for  development 
of  a  repository. 

The  steps  of  this  resolution  strategy  have  been  completed  through  the 
identification  of  information  needs.   It  has  been  determined,  using  the  same 
information,  evaluations,  and  judgment  used  in  constructing  the  scenario 
classes  of  Issue  1.1,  that  the  only  conditions  that  need  to  be  added  to  the 
nominal-performance  scenario  class  of  Issue  1.1  to  form  the  nominal-perfor- 
mance scenario  class  for  Issue  1.9(b)  are  those  conditions  associated  with 
climatic  events  and  processes.  Over  the  10,000-yr  period,  the  DOE  has  deter- 
mined that  disruptive  climatic  changes  have  a  probability  of  occurring  of 
less  than  0.1  and  are  therefore  considered  in  the  disturbed-performance  sce- 
nario classes.   However,  over  the  100,000-yr  period  these  changes  are  expec- 
ted to  have  a  probability  of  occurring  of  greater  than  0.1,  and  therefore 
need  to  be  included  in  the  100,000-yr  nominal-performance  scenario  class. 
The  tectonic  events  and  processes  that  were  determined  to  have  a  probability 
of  realization  of  less  than  0.1  during  the  next  10,000  yr  (and  are,  there- 
fore, included  in  the  disturbed-performance  scenario  classes  of  Issue  1.1) 
are  expected  to  also  have  a  probability  of  realization  of  less  than  0.1  for 
the  100,000-yr  period  and  hence  need  not  be  considered.  Also,  the  disturbed- 
performance  scenario  classes  of  Issue  1.1  that  were  associated  with  human 
activities  need  not  be  considered  in  the  100,000-yr  assessments  since  they 
are  not  natural  events  or  processes.  As  for  the  other  events  and  processes 
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that  were  part  of  the  nominal-performance  scenario  class  of  Issue  1.1  and 
will  also  be  part  of  the  nominal-performance  scenario  class  of  Issue  1.9(b), 
the  information  required  for  the  10,000-yr  assessment  will  be  sufficient  for 
the  100,000-yr  assessment. 

The  information  needed  to  supplement  that  information  required  by  Issue 
1.1  to  assess  100,000-yr  performance  is  shown  in  Table  8.3.5.18-9.   This 
information  will  be  obtained  throuqh  the  climate  test  program  (Section 
8.3.1.5).   This  information,  with  the  information  and  analyses  of  Issue  1.1, 
is  expected  to  be  sufficient  to  make  the  two  100,000-yr  performance  evalua- 
tions as  required  by  10  CFR  960.3-1-5.   In  addition,  the  data  required  to 
evaluate  the  tectonic-related  disturbed-performance  scenario  classes  of  Issue 
1.1  will  provide  evidence  to  support  the  position  that,  over  the  100,000-yr 
period,  tectonic  events  would  not  be  part  of  the  nominal-performance  scenario 
class.  As  mentioned,  the  positions  taken  with  regard  to  the  events  and  proc- 
esses included  in  the  100,000-yr  nominal-performance  scenario  class  will  be 
modified  as  necessary  as  new  site  data  becomes  available. 
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8.3.5.19  Substantially  completed  analytical  techniques 

Postclosure  performance  assessments  by  the  Yucca  Mountain  Project  will 
evaluate  the  potential  for  containment  and  isolation  of  waste  emplaced  in  the 
Topopah  Spring  Member  of  the  Paintbrush  Tuff  at  Yucca  Mountain  as  discussed 
in  Issues  1.1  through  1.9  (Sections  8.3.5.9,  8.3.5.10,  and  8.3.5.12  through 
8.3.5.18).  The  objective  of  the  postclosure  performance  assessments  is  to 
determine  whether  the  Yucca  Mountain  repository  system  is  such  that  the 
regulatory  standards  set  forth  in  10  CFR  960.4,  10  CFR  60.112,  10  CFR  60.113, 
40  CFR  191.13,  40  CFR  191.14,  and  40  CFR  191.15  can  be  met. 

Preclosure  performance  assessments  will  evaluate  the  potential  for 
constructing  and  operating  a  repository  in  the  Topopah  Spring  Member  of  the 
Paintbrush  Tuff  at  Yucca  Mountain,  as  discussed  in  Section  6.4  and  addressed 
by  Issues  2.1  through  2.5  and  Issue  4.1  (Sections  8.3.5.2  through  8.3.5.6). 
The  objective  of  the  preclosure  performance  assessments  is  to  determine  if 
the  repository  system  is  such  that  the  standards  set  forth  in  10  CFR  960.5, 
10  CFR  60.111,  40  CFR  191  Part  A,  and  10  CFR  Part  20  can  be  met. 

Over  the  next  few  years,  preclosure  and  postclosure  performance 
assessments  will  be  made  using  many  mathematical  and  numerical  analytical 
techniques  that  have  already  been  developed.  Analytical  techniques  con- 
sidered substantially  completed  are  those  that  already  exist  and  could  be 
used,  with  little  additional  work  or  only  minor  modifications,  to  conduct 
performance  assessment  analyses.   These  analytical  techniques  have  not  yet 
been  fully  verified  and  validated  for  application  to  the  conditions  that 
exist  at  the  Yucca  Mountain  Project  repository  site.   The  need  for  verifi- 
cation and  validation  of  analytical  techniques  depends  upon  the  intended 
application  and  the  specific  nature  of  the  techniques.   Preliminary  verifi- 
cation is  currently  in  progress,  as  discussed  in  this  section.  Validation 
activities  have  been  initiated  but,  for  the  most  part,  are  still  being 
developed,  as  discussed  in  Section  8.3.5.20. 

Those  techniques  that  are  substantially  completed  and  available  are 
summarized  here  for  postclosure  and  preclosure  performance  issues.   Section 

8.3.5.20  describes  plans  to  verify  the  accuracy  of  the  techniques  and  to 
validate  the  models  that  are  based  on  these  techniques  and  also  discusses  the 
techniques  that  still  require  significant  development. 


8.3.5.19.1  Postclosure  performance-assessment  analytical  techniques 

Computer  codes  that  have  been  developed  and  are  found  suitable  for  use 
in  assessing  the  postclosure  performance  of  a  repository  at  the  Yucca 
Mountain  site  are  listed  in  Table  8.3.5.19-1.   These  computer  codes  fall  into 
four  broad  categories,  depending  on  the  physical  processes  and  conceptual 
models  they  incorporate:   (1)  those  suitable  for  assessing  the  performance  of 
the  waste  package;  (2)  those  suitable  for  assessing  the  behavior  of  the  rock 
and  the  water  in  the  repository  environment,  where  heat  effects  are  important 
and  cannot  be  completely  decoupled  from  the  geomechanical  and  hydrological 
calculations;  (3)  those  suitable  for  assessing  site  behavior  on  a  scale  at 
which  temperature  effects  do  not  have  to  be  accounted  for  directly;  and 
(4)  those  suitable  for  assessing  the  behavior  of  the  entire  repository  system 
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Table  8.3.5.19-1.   Computer  codes  for  use  in  performance  assessment 


Performance 
assessment 
task 


Performance  measures   Type  of  analysis 


Potential  codes3 


Related  issue  in 

which  the  code 

may  be  usedb 


Waste  package   Canister  temperature 


Waste  containment 
time,  waste 
release  rate 


Repository 


Site 


Rock  stress-strain, 
displacement,  per- 
meability changes 


Unsaturated  water 
travel  times, 
radionuclide 
release  rates 


Ground-water  travel 
time 


Conductive  and  con- 

ADINAT 

1 

.4 

vective  heat  and 

NORIA, 

mass  transfer 

COYOTE, 
ARRAY  F, 
TAC02D 

Material  degrada- 

WAP PA 

1 

•  4, 

tion,  dissolution, 

0RIGEN2, 

1.5 

decay,  leaching 

MORSE-L, 
NIKE2D, 

Geochemistry 

EQ3/EQ6, 
PANDORA, 

PHR81 

Rock  stress  and 

AD I NAT 

1 

•  4, 

fracture  altera- 

SPECTROM 

31, 

1.5, 

tions  induced  by 

SPECTROM 

41, 

1.6 

excavation;  ther- 

JAC2D 

mal  loads, 
moisture  changes; 
backfilling 

Water  flow  in  unsat- 
urated media; 
coupled  water  and 
heat  flow;  coupled 
water  flow  and 
radionuclide 
migration 

Probabilistic  anal- 
ysis of  ground- 
water travel  time 
distributions 
along  flow  paths 
at  Yucca  Mountain 


NORIA/FEMTRAN, 
WAFE/TRACR3D, 
TOUGH 


GWTT 


1.5, 
1.6 


1.6 


Unsaturated  and 

Water  flow  paths; 

SAGUARO/FEMTRAN, 

1.1, 

saturated  water 

radionuclide 

TRUST/TRUMP, 

1.2, 

and  radionuclide 

migration 

NWFT, 

1.3, 

transport 

TRACR3D, 
ISOQUOD, 
HDOC,  VSFAST, 

1.6 

Dose  to  man 

Biosphere  transport 
and  human  uptake 

PABLM, 
DACRIN 

1.2 

Total 

Radionuclide  release 

Simple  systems  model 

TOSPAC, 

1.1, 

integrated 

Ground-water  contam- 

of water  flow  in 

NWFT, 

1.2, 

system 

ination 
Individual  dose 

unsaturated  media; 
leaching;  flow  and 
migration  in 
unsaturated  media; 
flow  and  migration 
in  saturated  media 

SPARTAN 

1.3 

Dose  to  man 

Biosphere  transport 
and  human  uptake 

PABLM, 
DACRIN, 

1.2 

Atmospheric  trans- 

Inhalation dose  at 

AIRDOS-EPA 

1.2 

port 

accessible  environ- 
ment boundary 

aThe  list  of  potential  codes  does  not  exclude  use  of  other  codes. 
bIssues  1.1,  1.2,  1.3,  1.4,  1.5,  and  1.6  are  discussed  in  Sections  8.3.5.13, 
8.3.5.9,  8.3.5.10,  and  8.3.5.12,  respectively. 


1.3.5.14,  8.3.5.15, 
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and  for  probabilistic  calculations  of  total  releases  to  the  accessible  envi- 
ronment.  The  fourth  category  includes  simplified  versions  of  some  of  the 
models  in  the  first  three  categories.   In  addition  to  the  computer  codes 
listed  in  Table  8.3.5.19-1,  some  simple  analytical  techniques,  such  as  hand 
calculations,  may  be  used  in  performance-assessment  analyses.  The  infor- 
mation needs  under  each  postclosure  performance  issue  discussed  in  Sections 
8.3.5.9  through  8.3.5.17  contain  the  descriptions  of  the  analyses  that  will 
be  done.   Therefore,  the  last  column  entry  in  Table  8.3.5.19-1  lists  the 
issue  (s)  that  the  code  might  be  used  to  resolve  so  that  the  reader  can 
determine  what  analyses  might  be  done  using  these  codes. 

Table  8.3.5.19-2  briefly  describes  each  code,  its  documentation,  and  its 
availability  for  use  by  the  Yucca  Mountain  Project.   There  are  three  reasons 
for  listing  several  codes  for  each  type  of  application:   (1)  where  closed- 
form  analytic  solutions  do  not  exist  and  while  benchmarking  activities  are 
ongoing,  several  codes  whose  performance  can  be  compared  are  needed  for 
verification  exercises;  (2)  the  complexity  (i.e.,  dimensions,  level  of 
detailed  physical  parameter  descriptions,  etc.)  of  the  analyses  that  must  be 
done  have  not  yet  been  determined;  and  (3)  the  specific  capabilities  of  the 
codes  are  usually  different. 


8.3.5.19.2  Preclosure  performance-assessment  analytical  techniques 

Computer  codes  that  could  be  used  in  constructing  models  to  assess  the 
preclosure  safety  of  the  Yucca  Mountain  repository  site  are  listed  in  Table 
8.3.5.19-3.   These  computer  codes  fall  into  two  broad  categories:   preclosure 
repository-systems  analyses  and  preclosure  repository-consequence  analyses. 
Computer  codes  for  preclosure  repository-systems  analyses  perform  (1)  initi- 
ating-event  identification  and  quantification  such  as  for  criticality,  fire, 
seismic  activity,  and  flood;  (2)  systems-reliability  studies  such  as  analyses 
of  fault  trees  and  failure  modes  and  effects;  (3)  human-reliability  analysis; 
(4)  common-cause  failure  analysis;  (5)  accident-sequence  quantification;  and 
(6)  uncertainty,  sensitivity,  and  importance  analyses.   Computer  codes  for 
preclosure  repository-consequence  analyses  include  (1)  source-term  charac- 
terization, (2)  in-repository-consequence  analysis,  (3)  environmental  trans- 
port and  offsite-consequence  analyses,  and  (4)  uncertainty  and  sensitivity 
analyses.   In  addition  to  the  computer  codes  listed  in  Table  8.3.5.19-3,  some 
simple  analytical  techniques,  such  as  hand  calculations,  may  be  used  in  pre- 
closure safety  assessment.   The  last  column  in  Table  8.3.5.19-3  lists  the 
issues  in  which  the  codes  may  be  used.  Table  8.3.5.19-4  gives  a  brief 
description  of  each  code  identified  as  a  potential  code  to  be  used  by  the 
Yucca  Mountain  Project  and  its  status.  The  preclosure  risk,  assessment  metho- 
dology (PRAM)  program  is  designed  to  assess  the  Yucca  Mountain  Project 
computer  codes,  as  well  as  codes  from  other  sources  to  determine  the  most 
appropriate  computer  codes  to  be  used. 

Unlike  the  computer  codes  used  for  postclosure  performance  assessment, 
most  of  the  computer  codes  used  in  preclosure  safety  assessment  are  adopted 
from  codes  used  for  other  nuclear-safety  assessments  (e.g.,  assessments  of 
reactors) .  Compilation  and  evaluation  of  such  codes  can  be  found  in  the 
following  references:   Hoffman  et  al.  (1977),  Mauro  et  al.  (1977),  Mills  and 
Vogt  (1983),  Till  and  Meyer  (1983),  NCRP  (1984),  Elder  et  al.  (1986),  Parks 
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Table  8.3.5.19-2 


Brief  description  of  codes  from  Table 
(page  1  of  5) 


3.5.19-1 


Code 
name 


Code  analysis 
capabilities 


Material  models 


Status  of  use 
by  Yucca 
Status  of      Mountain 
documentation     Project3 


AD I NAT 
1,2,3d 


AIRDOS-EPA 


Linear,  nonlinear,  transient, 
steady  state,  thermal 
conduction 


Predictions  of  radionuclide 
concentrations  in  air, 
rates  of  deposition,  intake 
rates,  and  doses 


Temperature,  space-        Bathe  1975;     SNLA  (a,o) 
dependent  variation  of      1977 
heat,  thermal  conduc- 
tivity; boiling  model; 
multiple  layers; 
anisotropic  properties, 
generates  input  to 
SANDIA-ADINA 

Modified  Gaussian  plume     Moore  et  al.,   SNLA  (a) 
equation,  Nuclear  1979 

Regulatory  Commission 
terrestrial  food-chain 
models,  dose-conversion 
factors 


ARRAY  F 
3D 


COYOTE 


DACRIN 


EQ3/EQ6 


FEMTRAN 


Thermal  conduction  and 
radiation;  solutions  by 
superposition  of  expo- 
nentially decaying  point 
sources 

Linear  and  nonlinear 

transient  heat  conduction 
with  energy  sources 


Organ  dose  to  man  from 
acute  or  chronic  inhala- 
tion of  radioactive 
aerosols 


EQ3:  Equilibrium  distribu- 
tion of  chemical  species 
in  an  aqueous  solution; 
saturation  state  of  fluid 
with  respect  to  minerals. 
EQ6:  Mass  transfer  and 
effects  of  heating  and 
cooling  of  the  aqueous 
solutions;  irreversible 
reaction  in  rock-water 
system 

Convective,  dispersive,  and 
diffusive  transport  of 
dissolved  constituents; 
sorption,  first  order  decay; 
development  with  first  order 
decay  complete;  decay  chain 
capabilities  in  develop- 
mental stage 


Analytic  solution  of  a 
heat  source  in  an 
infinite  medium;  all 
material  properties 
constant 

Temperature,  time,  and 
space-dependent  varia- 
tion of  specific  heat 
and  thermal  conduc- 
tivity; boiling  in 
partially  saturated 
media  approximated 
through  latent  heat 
consideration;  multi- 
ple material  layers; 
jointed  rock  model 

ICRP  Task  Group  Organ 
Models;  atmospheric 
dispersion;  effective 
radiation  doses  to 
organs  and  the  gastro- 
intestinal tract 

EQ3:  Fixed  temperature 
and  pressure;  empiri- 
cal models  of  minerals 
in  stable  phase  assem- 
blage; EQ6:  Reaction 
path  models  include 
precipitation,  reac- 
tion progress  in  open/ 
closed  system 


Unsaturated  porous 
media;  retardation  by 
sorption;  chemical 
reactions,  decay, 
moisture -dependent 
retardation  factor; 
assumes  local  equili- 
brium for  sorption 


Klett  et  al., 
1980 


Gartling, 
1982 


SNLA  (a,o) 


SNLA  (a,o) 


Houston 
et  al., 
1974 


PNL  (a) 


Wolery,  1979    LLNL  (a,o,d) 


Martinez,  1985  SNLA  (a,o,d) 
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Table  8.3.5.19-2 


Brief  description  of  codes  from  Table 
(page  2  of  5) 


.3.5.19-1 


Code 
name 


Code  analysis 
capabilities 


Material  models 


Status  of 
documentation 


Status  of  use 
by  Yucca 
Mountain 
Project* 


GWTT 


Probability  distributions  of 
ground-water  travel  times 
along  distribution  of  flow 
paths,  simplified  Darcy's 
law  in  both  matrix  and 
fractures 


Frequency  distribution 
for  saturated  conduc- 
tivity; effective 
porosity  in  multi- 
layers throughout 
repository;  implicit 
assumptions  for  corre- 
lation lengths;  prob- 
ability distribution 
functions  generated 
for  flow  paths;  prob- 
ability distribution 
functions  calculated 
for  areally  inte- 
grated ground-water 
travel  times 


Sinnock 
et  al. 

1986 


SNLA  (o) 


HDOC 


Two-phase  nonlinear  mass 
and  heat  transport  in 
porous  media,  radionuclide 
decay;  method  of  dynamics 
of  contours 


Transient,  ID,  nonlinear 
flow;  solute  transport 
includes  advection  and 
diffusion  with  decay 
and  retardation  of 
radionuclides 


Los  Alamos 
(a,o,d) 


ISOQUOD 


JAC2D 


MORSE-L 


NIKE2D 


NORIA 


Regional  saturated  hydrolo- 
gic  analysis  of  aquifier 
systems  in  multilayered 
media 


Linear  and  nonlinear  static 
stress  analysis  of  2D 
solids 


Pinder,  1976    SNLA  (o) 


Atomic  displacements  from 
slowing  of  alpha  particles 
and  fission  fragments; 
attenuation  and  absorbed 
dose  rate  from  gamma  rays 

Stress  in  waste  package  from 
external  loads,  thermal 
expansion  and  thermal 
gradients,  volume  expansion 
of  corrosion  products,  resid- 
ual stress  from  fabrication 

Transport  of  water,  water 
vapor,  air  and  energy 
through  partially  satu- 
rated porous  media;  four 
nonlinear  parabolic 
Equations  solved 
simultaneously 


Thomas,  1982 


Heterogeneous,  multi- 
dimensional saturated 
media,  Darcy's  law 
applied  with  transient 
leakage  coefficient, 
storage/sink  terms, 
transmissivity 

Temperature-dependent , 
elastoplastic  strain 
hardening;  tempera- 
ture-dependent 
secondary  creep, 
soil  with  thermal 
loading,  jointed 
rock  with  thermal 
loading 


Gamma-ray  interaction  with  Wilcox,  1972 
atoms  in  water,  metal 
barrier,  and  waste  to 
produce  alpha  particles 
and  spontaneous  fission 


SNLA  (o,d) 


Mechanical  and  thermal 
stress,  yielding,  and 
unstable  crack  propaga- 
tion 


Material  properties 
either  constant  or 
function  of  dependent 
and  independent  varia- 
bles through  user- 
defined  subroutines; 
ideal  gas  law 


Hal lquist, 
1983 


Bixler,  1985 


LLNL  (o) 


LLNL  (o) 


SNLA  (a,o,d) 
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Table  8.3.5.19-2 


Brief  description  of  codes  from  Table 
(page  3  of  5) 


3.5.19-1 


Code 
name 


Code  analysis 
capabilities 


Material  models 


Status  of  use 
by  Yucca 
Status  of      Mountain 
documentation     Project3 


NWFT 


0RIGEN2 


Flow  and  transport  in 
saturated  porous  media 


Time-dependent  compositions 
radiation,  spectra,  and 
hazard  indices,  etc., 
based  on  fuel  burnup 
and  decay 


2D  network  represen- 
tation of  ID  paths 
for  flow  and  trans- 
port of  3-member  decay 
chains;  properties  vary 
between  flow  segments, 
constant  along  each 
segment 

Bateman  equations, 
secular  equilibria 
where  appropriate; 
space-  and  spectrum- 
averaged  cross 
sections;  one-group 
flux 


Campbell 
et  al., 
1980 


SNLA  (a,o) 


SNLA  (a) 


PABLM 


PANDORA 


PHR81 


SAGUARO 


Internal  doses  and  dose 
commitments  to  man  for 
acute  or  chronic  inges- 
tion of  radionuclides 


Physical  and  chemical 
degradation  of  waste 
package  barriers,  radio- 
nuclide flux 


Geochemical  speciation  and 
mass  transfer 


Richard's  equation  for  flow 
through  partially  satu- 
rated porous  media  using 
Darcy's  law;  capillary 
effects;  assumes  single- 
phase  incompressible 
fluid;  includes  energy 
transport  by  conduction, 
convection,  dispersion; 
development  complete  on 
all  but  vapor  transport 


ICRP  models  for  doses 

Napier 

SNLA  (a) 

by  ingestion  for 

et  al., 

PNL  (a) 

population  or  maxi- 

1980 

mum  individual  for 

air  pathway 

Radiation,  thermal, 
mechanical  corrosion, 
and  leach  models;  ID 
flow  and  transport  in 
porous  media 

Ion  association  model; 
pH,  redox-potential, 
mass  transfer  func- 
tions of  reaction 
progress  equilibrium; 
solid  phases,  distri- 
bution of  aqueous 
species,  saturation 
state  of  aqueous 
phase  with  respect  to 
mineral  phase;  temper- 
ature variations 

Pressure,  temperature, 
time,  and  space- 
dependent  specific 
heat,  thermal  con- 
ductivity and  internal 
heat  generation,  mois- 
ture content,  permeabil- 
ity; moisture-dependent 
permeability;  thermal 
expansion,  multiple 
material  layers, 
anisotropic  material 
properties 


O'Connell  and 
Drach,  1986 


LLNL  (d) 


Los  Alamos 
(a) 


Eaton  et  al., 
1983; 

Gartling  and 
Hickox,  1982 


SNLA  (a,o,d) 
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Table  8.3.5.19-2 


Brief  description  of  codes  from  Table 
(page  4  of  5) 


.3.5.19-1 


Code 
name 


Code  analysis 
capabilities 


Material  models 


Status  of  use 
by  Yucca 
Status  of      Mountain 
documentation     Project3 


SPARTAN     Water  flow  and  radionuclide 
transport  through  dual 
porosity  media;  Darcy's 
law  and  convective  trans- 
port of  sorbing  radio- 
nuclides 


Release  rates,  cumula- 
tive releases,  and 
ratios  of  releases  to 
Environmental  Protection 
Agency  standards  calcu- 
lated as  functions  of 
geometry,  repository 
area,  flow  path, 
water  flux,  effective 
porosity,  initial 
inventory,  water 
solubility,  canister 
lifetime,  and  retar- 
dation factors 


Lin,  1985 


SNLA  (o) 


SPECTR0M41   Thermoplastic  and  plastic 
and       analyses  of  stresses, 

SPECTR0M31     displacement,  plas- 
ticity zones  and 
failure  zones  due  to 
extraction  and  canis- 
ter emplacement  in  a 
repository 

TAC02D      Transient  and  steady-state 
thermal  conduction  in  2D 


Nonisotropic,  3D  elastic 
and  thermal  properties; 
ubiquitous  joint  ele- 
ment; failure  modes 
include  Von  Mises  and 
Mohr-Couloumb-Drucker- 
Prager 


Svalstad,  1983  RESPEC  (o) 


Burns,  1982 


LLNL  (o) 


TOSPAC 


TOUGH 


TRACR3D 


TRUMP 


Infiltration  through 

unsaturated  porous  media, 
radionuclide  decay  and 
leaching,  saturated  and 
unsaturated  flow  and  trans- 
ports of  decaying  radio- 
nuclides in  porous  media 


Transport  of  water,  water 
vapor,  and  heat  in 
partially  saturated 
porous  media 

Saturated  and  unsaturated, 
fractured  and  porous  media; 
multicomponent  ground-water 
flow  and  radionuclide 
migration 


Dif fusive-advective 
transport  of  sorbing 
radionuclides 


ID  space-dependent 
material  properties; 
3-member  decay  chains; 
solubility-limited 
leaching,  assumed 
source  dissolution  and 
diffusion  model;  equi- 
librium adsorption; 
dispersive,  diffusive, 
convective  transport 

Transient,  3D  non-linear 
flow,  liquid  water, 
pore  gas,  water  vapor, 
heat,  variably  saturated 

Transient,  3D,  nonlinear 
flow,  one-  or  two- 
phases  (air  and  water), 
tracer  in  one  phase, 
molecular  dispersion, 
radioactive  decay, 
adsorption,  capillary 
pressure,  buoyancy, 
spatial  variation  of 
material  properties, 
saturated  and  unsaturated 
seepage  from  fractures 

Transient,  1,  2,  or  3D 
molecular  diffusion 
and  advection  of 
radioactive  tracers 
in  single  phase, 
equilibrium  sorption 


Peters  et  al.,   SNLA  (o) 
1986 


Pruess,  1987 


Travis,  1984 


LBL  (o), 
LLNL 
(a,o,d), 
USGS  (a) 

Los  Alamos 
(a,o,d) 


LBL  (a,o) 
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Table  8.3.5.19-2 


Brief  description  of  codes  from  Table 
(page  5  of  5) 


3.5.19-1 


Code 
name 


Code  analysis 
capabilities 


Material  models 


Status  of  use 
by  Yucca 
Status  of       Mountain 
documentation     Project3 


TRUST 


VSFAST 


WAFE 


WAP  PA 


Conservation  of  fluid  mass 
in  variably  saturated, 
deformable  porous  medium 


Saturated  and  unsaturated, 
water  flow  in  porous  media; 
radionuclide  migration 

Two-phase  nonlinear  mass 
and  heat  transport  in 
porous  media 


Physical  and  chemical 
degradation  of  waste 
package  barriers, 
radionuclide  flux 


Permeability,  compressi- 
bility nonlinearly 
related  to  stress; 
permeability,  satura- 
tion related  to  pore 
water  pressure  in 
unsaturated  zone 

Transient,  2D,  nonlinear 
flow,  single  solute, 
decay,  adsorption 

Transient,  2D,  nonlinear 
flow;  anisotropic 
properties;  equations 
of  state  for  liquid 
and  vapor  water; 
multicomponent  (air 
and  water) 

Radiation,  thermal, 
mechanical  corrosion, 
and  leach  models 


Reisenauer 
et  al.,  1982 


LBL  (a,o,d) 


Travis,  1985 


USGS  (o) 


Los  Alamos 
(o) 


INTERA,  1983 


LLNL  (a,o,d) 
SNLA  (a,o) 


aAbbreviations  as  follows:   SNLA  =  Sandia  National  Laboratories,  Albuquerque;  LBL  =  Lawrence 
Berkeley  Laboratory;  LLNL  =  Lawrence  Livermore  National  Laboratory;  Los  Alamos  =  Los  Alamos  National 
Laboratory;  USGS  =  U.S.  Geological  Survey;  INTERA  =  INTERA  Environmental  Consultants,  Inc.; 
RESPEC  =  RESPEC,  Inc.;  PNL  =  Pacific  Northwest  Laboratories;  a  -  codes  available;  o  =  codes 
operational;  d  =  codes  under  development. 
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Table  8.3.5.19-3 


Examples  of  computer  codes  for  use  in  preclosure  safety 
assessment 


Categories  of 
preclosure 

safety 
assessment 


Type  of  analysis 


Potential  codes 


Issue  in  which 

the  code  may 

be  used3 


Systems 
analyses 


Consequence 
analyses 


Criticality 

Systems  reliability 

Shielding  code 

Source-term 

characterization 

Public  exposures 

Public  exposures 

Public  exposures 

Public  exposures 


KENO-IV 
SETS 
ANISN 
ORIGEN-2 

GASDOSE 
AIRDOS-EPA 
CRRIS  system 
DACRIN 


2.1,  2.2 

2.3 

2.1,  2.2,  2.3 

2.1,  2.2,  2.3 

2.1 

2.1,  2.2 
2.1,  2.2,  2.3 
2.3 


aIssues  2.1,  2.2,  and  2.3  are  discussed  in  Sections  8.3.5.3,  8.3.5.4, 
and  8.3.5.5,  respectively. 
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Table  8.3.5.19-4.   Brief  description  of  codes  from  Table  8.3.5.19-3 


Code  name 


Code 
description 


Status  of 
documentation 


Status  of  use  by 
Yucca  Mountain 
Project 


AIRDOS-EPA 


ANISN 


Routine-release  dose  User  manual  extant; 
consequences  (Clean   no  verification; 
Air  Act  compliance)   some  limited 

validation 


Discrete-ordinate 
for  shielding 


User  manual  extant; 
no  verification  and 
validation  data 


Under 

evaluation 


Used  in  pre- 
paration of 
existing  pro- 
ject documen- 
tation 


CRRIS 


DACRIN 


GASDOSE 


KENO-IV 


ORIGEN-2 


SETS 


New  Environmental 
Protection  Agency 
radioactive- 
release  dose 
consequences 

Accident -release, 
airborne-pathway 
dose  consequences 

See  AIRDOS-EPA 


Monte-Carlo 

criticality  and 
shielding 

Radionuclide  inven- 
tory of  spent 
fuel 

Fault-tree  and 
event-tree 
analysis 


Documentation  in 
preparation; 
limited  verification 
and  validation 


User  manual  extant; 
limited  validation 
only 


Under 

evaluation 


Proprietary 


User  manual  extant; 
has  been  validated 


User  manual  extant; 
verification  and 
validation  underway 

User  manual  extant; 
no  verification  and 
validation  data 


Under 

evaluation 


Used  in  pre- 
paration of 
existing  pro- 
ject documen- 
tation 

Under 

evaluation 


Under 

evaluation 


Under 

evaluation 
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et  al.  (1987),  and  Ayer  et  al .  (1988).   Since  these  computer  codes  have  been 
used  extensively  in  safety  assessment,  they  do  not  require  extensive  verifi- 
cation and  validation.   Some  exceptions  to  this  statement  are  the  ORIGEN-type 
codes,  which  are  used  by  all  the  waste-management  subsystems,  and  the 
computer  codes  developed  specifically  for  repository  applications,  such  as 
computer  codes  to  model  the  consequences  inside  the  surface  and  underground 
facil ities. 
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E/RW-0199 


DOE/RW-0199 


Nuclear  Waste  Policy  Act 

(Section  113) 


Site  Characterization 
Plan 


Yucca  Mountain  Site,  Nevada  Research 
and  Development  Area,  Nevada 


Volume  VII,  Part  B 


Chapter  8,  Section  8.33.20,  Analytical  Techniques  Requiring  Development 


December  1988 


U.  S.  Department  of  Energy 

Office  of  Civilian  Radioactive  Waste  Management 


DECEMBER  1988 

8.3.5.20  Analytical  techniques  requiring  significant  development 

Sections  8.3.5.20.1  and  8.3.5.20.2  discuss  (1)  the  need  to  develop  ana- 
lytical techniques  for  those  areas  where  well-developed  methods  (as  discussed 
in  Section  8.3.5.19)  are  currently  not  available  and  (2)  the  verification  of 
computer  codes  and  the  validation  of  models  on  which  the  methods  are  based. 
Historically,  analytical  techniques  have  played  a  central  role  in  estimating 
the  performance  of  nuclear  facilities  for  the  purpose  of  demonstrating  regu- 
latory compliance.  As  a  consequence,  special  quality-assurance  requirements 
have  been  placed  on  these  techniques,  per  10  CFR  60.152,  and  the  licensing 
assessments  of  high-level  waste  repository  system  performance  must  use  analy- 
tical techniques  certified  in  accordance  with  these  requirements.  Therefore, 
it  is  expected  that  both  completed  techniques  (Section  8.3.5.19)  and  tech- 
niques to  be  developed  (Section  8.3.5.20.1)  may  require  some  degree  of  veri- 
fication and  validation  beyond  what  has  been  done  for  previous  applications 
to  make  them  suitable  for  repository  applications. 


8.3.5.20.1  Analytical  techniques 

The  analytical  techniques  that  require  significant  development  are  those 
for  which  analysis  approaches  are  still  being  formulated,  solution  methods 
are  still  being  developed,  or  codes  are  still  being  written  or  tested.  Among 
the  analytical  techniques  that  still  require  significant  development  are 
those  that  are  expected  to  be  used  to  estimate  the  performance  measures  that 
are  to  be  compared  with  regulatory  requirements.  These  system  performance 
assessment  techniques  include 

1.  Simplified  physical  models  that  will  be  used  in  the  probabilistic 
analyses  of  total  system  performance. 

2.  Techniques  for  implementing  statistical  methods  that  will  be  used  to 
do  probabilistic  estimates  of  ground-water  travel  time,  release 
rates  from  the  engineered-barrier  systems,  and  cumulative  releases 
to  the  accessible  environment,  as  described  in  Sections  8.3.5.12.2, 
8.3.5.10.3,  and  8.3.5.13.4,  respectively. 

3.  Systematic  techniques  that  will  be  used  for  screening  scenarios,  as 
described  in  Section  8.3.5.13.3. 

In  addition,  the  analytical  techniques  described  in  Tables  8.3.5.19-1 
and  8.3.5.19-2  in  Section  8.3.5.19  may  require  more  development  if  validation 
or  site  characterization  activities  show  that  the  models  fail  to  adequately 
simulate  conditions  at  the  site. 

Some  analytical  techniques  will  be  used  specifically  in  the  assessments 
of  preclosure  safety  during  repository  construction,  operation,  retrieval  (if 
required),  and  permanent  closure.  Those  that  may  require  significant  devel- 
opment for  preclosure  safety  assessment  will  be  determined  by  the  preclosure 
risk  assessment  methodology  (PRAM)  program,  as  described  in  Section  8.3.5.1. 
Preclosure  safety  assessments  are  expected  to  use  existing  analytical  tech- 
niques with  minor  modification.  A  potential  area  that  may  require  develop- 
ment is  source-term  characterization. 
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A  number  of  methods  and  practices  that  will  be  useful  in  assessing  the 
postclosure  performance  of  a  repository  might  be  termed  "analytical  tech- 
niques"; they  are  discussed  in  other  sections  of  the  SCP.  For  example, 
Section  8.3.5.13  describes  the  selection  and  characterization  of  scenarios 
for  releases  of  radioactive  material  from  the  total  repository  system.  The 
section  also  explains  in  detail  the  basic  construction  of  complementary 
cumulative  distribution  functions  for  assessing  these  releases.  As  described 
in  Section  8.3.5.13,  the  assessment  of  releases  will  require  some  special- 
purpose  models  in  addition  to  the  models  described  in  Section  8.3.5.19. 
Sensitivity  and  uncertainty  analyses  will  also  be  an  important  part  of  the 
performance  assessments  and  will  provide  guidance  for  site  characterization. 
Preliminary  sensitivity  and  uncertainty  work  has  been  done,  and  some 
important  results  are  described  in  the  detailed  performance  allocations 
throughout  Section  8.3.5. 


8.3.5.20.2  Plans  for  verification  and  validation 

Verification  and  validation  activities  are  intended  to  reduce  and  evalu- 
ate the  uncertainty  in  estimates  of  repository  performance  that  are  based  on 
predictive  models,  thereby  enhancing  the  confidence  in  the  accuracy  of  pre- 
dictions. Verification  studies  are  used  to  demonstrate  that  the  numerical 
values  produced  by  a  computational  procedure  correspond  to  the  mathematical 
formulas  on  which  they  are  based.  Verification  becomes  especially  important 
for  complex  computer  codes  using  advanced  numerical  methods  to  solve  systems 
of  equations.  Validation  is  an  attempt  to  demonstrate  that  a  mathematical 
representation  of  repository  performance  will  adequately  replicate  the  actual 
performance  of  the  repository.  The  DOE  will  provide  an  explanation,  during 
licensing,  of  the  verification  and  validation  activities  that  were  used  to 
support  the  performance  assessment  models.  Emphasis  will  be  given  to  those 
models  used  (1)  to  assess  the  postclosure  performance  of  the  natural  and 
engineered  barriers  and  their  effectiveness  in  controlling  the  release  of 
radioactive  material  (taking  into  account  both  anticipated  and  unanticipated 
processes  and  events)  and  (2)  to  assess  favorable  and  potentially  adverse 
conditions  at  the  site. 

The  preliminary  plans  for  verification  and  validation  are  discussed  in 
the  following  sections.  Although  these  plans  are  general,  they  demonstrate 
how  validation  enters  the  site  characterization  program  that  addresses  the 
needs  identified  in  the  performance  allocation  process.  Detailed  plans  are 
being  developed  that  will  describe  (1)  the  overall  procedure  for  verification 
of  computer  codes  and  (2)  the  overall  strategy  for  the  validation  of  models. 
The  validation  strategy  will  address  how  the  data  from  site  characterization 
and  performance  confirmation  will  be  used  in  validation,  how  data  from 
natural  or  other  analogues  will  be  used,  and  how  peer  review  will  be  used  in 
the  validation  process. 
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8.3.5.20.3  Verification  of  analytical  techniques 

Verification  of  codes,  according  to  the  guidelines  in  NUREG-0856 
(Silling,  1982),  is  the  "assurance  that  a  computer  code  correctly  performs 
the  operations  specified  in  a  numerical  model."  This  definition  includes  any 
analysis  method,  however  simple  (e.g.,  semianalytic  computer  code  for  calcu- 
lating a  single-valued,  uniquely  determined  algebraic  expression)  or  complex 
(a  numerical  computer  code) .  For  the  purposes  of  this  discussion,  the  ana- 
lytical techniques  addressed  in  this  section  are  those  computer  codes  used  to 
implement  mathematical  models. 

All  computer  codes  used  for  final  performance  assessments  of  the  suita- 
bility of  the  Yucca  Mountain  site  will  be  verified  to  demonstrate  that  they 
correctly  implement  the  mathematical  and  numerical  procedures  on  which  they 
are  based.  The  extent  to  which  verification  will  be  pursued  depends  on 
(1)  the  extent  to  which  verification  has  been  previously  done,  documented, 
and  certified  software  control  procedures  subsequently  followed;  (2)  whether 
the  code  has  been  previously  used  and  accepted  in  other  nuclear  facility 
licensing  application;  and  (3)  the  importance  of  the  code  to  the  demonstra- 
tion of  regulatory  compliance.  The  codes  to  be  verified  include  the 
completed  codes  described  in  Section  8.3.5.19  and  the  groups  of  analytical 
codes  described  in  this  section  (8.3.5.20). 

The  numerical  accuracy  and  stability  of  the  hydrologic  and  radionuclide 
transport  codes  will  be  verified  by  comparison  with  analytic  solutions  and  by 
benchmarking  against  other  computer  codes.  If  the  verification  process 
reveals  that  the  mathematical  model  has  been  inaccurately  incorporated  into 
the  numerical  code  or  that  the  existing  codes  have  insufficient  capabilities, 
then  additional  code-development  work  may  be  needed.  A  comprehensive  set  of 
verification  steps  would  include  the  following: 

1.  The  use  of  numerical-analysis  techniques  to  define  the  limits  of 
code  accuracy  in  terms  of  methods  of  solution,  discretization,  and 
parameter  ranges. 

2.  The  testing  of  numerical  accuracy  and  solution  sensitivities  by 
comparison  with  analytical  solutions  wherever  possible. 

3.  The  revision  or  modification  of  computer  codes  as  necessary  to 
ensure  sufficient  accuracy  and  stability. 

4.  The  performance  of  benchmarking  comparisons  of  codes  on  problems 
typical  of  those  required  by  the  issue  or  issues  the  codes  are 
intended  to  address.  These  comparisons  are  to  be  made  by  the  Yucca 
Mountain  Project,  using  these  codes  and  the  data  obtained  from  site 
characterization  of  Yucca  Mountain,  and  will  be  coordinated  with  the 
analyses  performed  for  Issues  1.1  through  1.6  (Sections  8.3.5.9, 
8.3.5.10,  and  8.3.5.12  through  8.3.5.16). 

5.  The  documentation  of  the  verification  activities  according  to  the 
guidelines  in  NUREG-0856  (Silling,  1982)  as  implemented  in  the  Yucca 
Mountain  Project. 
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COVE:  a  Yucca  Mountain  Project  benchmarking  activity 

Not  all  applications  of  codes  are  amenable  to  testing  of  numerical 
accuracy  by  comparison  with  analytical  solutions.  Therefore,  the  code 
verification  (COVE)  activity  has  been  initiated  for  benchmarking  the  water 
flow  and  radionuclide-transport  codes  being  used  for  performance  assessments. 
The  goals  of  the  COVE  activity  are  to  (1)  demonstrate  and  compare  the  numer- 
ical accuracy  and  sensitivity  of  selected  codes,  (2)  identify  and  resolve 
problems  in  running  typical  performance  assessment  calculations  using  this 
code,  and  (3)  evaluate  the  computer  resources  needed  for  running  these  codes. 
The  following  benchmarking  problems  have  been  defined: 

1.  Isothermal  transport  of  water  and  radionuclides  through  homogeneous, 
variably  saturated  tuff  (COVE  1) . 

2.  Isothermal  transport  through  layered,  variably  saturated  tuff  (COVE 
2). 

3.  Nonisothermal  transport  of  water,  vapor,  air,  and  heat  in  fractured, 
welded  tuff  (COVE  3) . 

4.  Isothermal  transport  of  water  and  radionuclides  through  saturated 
tuff. 


Other  benchmarking  problems  may  be  defined, 
verification  process. 


as  required,  during  the  code 


COVE  1  was  the  first  step  in  benchmarking  some  of  the  performance- 
assessment  codes.  Isothermal  calculations  for  the  COVE  1  benchmarking  have 
been  completed  using  the  hydrologic  flow  codes  SAGUARO,  TRUST,  and  GWVIP;  the 
radionuclide  codes  FEMTRAN  and  TRUMP;  and  the  coupled  flow  and  transport  code 
TRACR3D.  The  COVE  1  participants  are  listed  in  Table  8.3.5.20-1.  Hayden 
(1985)  presents  the  results  of  the  three  cases  of  the  benchmarking  problem 
solved  for  COVE  1,  a  comparison  of  the  results,  questions  raised  regarding 
sensitivities  to  modeling  techniques,  and  conclusions  drawn  regarding  the 
status  and  numerical  sensitivities  of  the  codes. 


Table  8.3.5.20-1. 


Participants  and  codes  used  in  the  COVE  1 
benchmarking  exercise 


Participant 


Code 


Los  Alamos  National  Laboratory 
Lawrence  Berkeley  Laboratory 
Pacific  Northwest  Laboratories 
Sandia  National  Laboratories 
Environmental  Consultants,  Inc. 


TRACR3D 

TRUST/TRUMP 

TRUST 

SAGUARO/FEMTRAN 

GWVIP 
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Work  is  currently  in  progress  on  both  COVE  2  and  COVE  3.   The  goals  of 
COVE  2  and  COVE  3  are  the  same  as  for  COVE  1.   However,  the  emphasis  in  COVE 
2  and  3  is  on  modeling  site-scale  problems  of  the  type  that  will  be  required 
for  performance-assessment  calculations.   Both  one-  and  two-dimensional  prob- 
lems have  been  defined  under  both  isothermal  and  nonisothermal  conditions. 
Isothermal  water  flow  through  several  layers  of  unsaturated  tuff  with 
different  hydrologic  properties  is  modeled  in  COVE  2.   The  participants  in 
COVE  2  and  the  codes  they  are  using  are  listed  in  Table  8.3.5.20-2. 


Table  8.3.5.20-2.  Participants  and  codes  used  in  the  COVE  2 

benchmarking  exercise 


Participant  Code 


Los  Alamos  National  Laboratory  HDOC/TRACR3D 

Lawrence  Berkeley  Laboratory  TRUST 

Sandia  National  Laboratories  SAGUARO/NORIA/TOSPAC 


In  COVE  3,  temperatures  and  saturation  profiles  are  being  calculated  in 
a  nonisothermal  condition  in  tuff,  using  hydrologic  properties  that  may  be 
similar  to  the  Topopah  Spring  Member.  These  simulations  examine  expected 
post-waste-emplacement  conditions  in  the  near  field.  The  participants  in 
COVE  3  and  the  codes  they  are  using  are  listed  in  Table  8.3.5.20-3.  The  COVE 
2  and  3  activities  will  be  fully  documented  in  Yucca  Mountain  Project 
reports. 


Table  8.3.5.20-3.  Participants  and  codes  used  in  the 

COVE  3  benchmarking  exercise 


Participant  Code 


Lawrence  Berkeley  Laboratory  TOUGH 

Sandia  National  Laboratories  NORIA 

Lawrence  Livermore  National  Laboratory        WAFE 
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International  code  verification  and  model-validation  activities 

The  Yucca  Mountain  Project  is  participating  in  two  international  code 
comparison  projects  to  supplement  its  benchmarking  activities.  These 
comparisons  address  problems  designed  to  test  a  number  of  aspects  of  the 
exercised  codes.  Participation  also  provides  independent  assessment  and  peer 
review.  Results  of  the  comparisons  aid  the  establishment  of  the  general 
applicability,  acceptability,  and  flexibility  of  the  exercised  codes. 

The  Hydrologic  Code  Intercomparison  (HYDROCOIN)  project  examines  hydro- 
logic  models  and  codes  and  their  uses  in  performance  assessments  of  nuclear 
waste  repositories.  The  International  Nuclide  Transportation  Code  Intercom- 
parison (INTRACOIN)  study  examines  models  and  codes  that  describe  the  trans- 
port of  radionuclides  in  geologic  media. 

Both  HYDROCOIN  and  INTRACOIN  have  three  principal  activities: 

1.  Level  1,  benchmarking  and  verification  of  codes. 

2.  Level  2,  validation  of  models. 

3.  Level  3,  sensitivity  and  uncertainty  analyses  of  models  and  codes. 

Several  level  1  benchmarking  analyses,  on  test  cases  that  may  be  pertinent  to 
Yucca  Mountain,  have  been  performed  for  both  projects  by  Yucca  Mountain 
Project  participants.  The  results  are  documented  in  the  INTRACOIN  Final 
Report  for  Level  1  (1986)  and  in  the  HYDROCOIN  report  prepared  by  Cole 
(1986)  . 


8.3.5.20.4  Model  validation 

Overview 

This  section  presents  the  DOE  approach  to  dealing  with  the  complex  task 
of  model  validation  by  defining  what  validation  is,  describing  the  need  for 
model  validation  in  the  repository  program,  and  describing  activities  that 
may  be  useful  in  supporting  the  validation  effort.   In  general,  validation  is 
an  important  part  of  the  investigative  effort  that  is  to  create  the  record 
upon  which  the  NRC  is  to  base  its  licensing  decision.  Validation  thus 
addresses  the  competence  of  the  performance  assessment  effort.  Evaluating 
and  documenting  the  quality  of  site  and  laboratory  data,  interpreting  that 
data,  and  certifying  the  appropriateness  of  uses  made  of  that  data  is  also 
important  in  establishing  the  credibility  of  the  performance  assessment 
effort,  and  is  sometimes  referred  to  as  data  validation.  For  the  purposes  of 
this  discussion,  however,  the  meaning  of  validation  is  restricted  to 
establishing  the  soundness  of  specific  computer  models  and  the  legitimacy  of 
specific  applications  being  made  of  those  models. 
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Definitions 

Before  discussing  some  of  the  aspects  of  the  DOE  validation  strategy  and 
program,  some  of  the  terminology  that  will  be  used  will  be  clarified  to  avoid 
semantic  difficulties. 

Performance  assessment 

Performance  assessment  is  the  process  of  quantitatively  evaluating 
system,  subsystem,  or  component  behavior  relative  to  the  containment  or 
isolation  of  radioactive  waste,  to  support  the  development  of  a  high-level 
waste  repository  and  to  determine  compliance  with  quantitative  safety 
criteria. 

Performance  assessment  refers  to  evaluations  of  risks  and  hazards  to 
workers  and  the  public  in  the  preclosure  phase  of  the  repository  (Section 
8.3.5.1)  and  refers  to  evaluations  of  the  behavior  of  the  repository  for  the 
postclosure  phase  (Section  8.3.5.8).   In  particular,  as  articulated  in 
Section  8.3.5.8,  postclosure  performance  assessment  addresses  the  resolution 
of  Key  Issue  1  in  the  issues  hierarchy,  which  parallels  the  regulatory 
system-performance  requirements.  Thus,  performance  assessment  is  a  type  of 
systematic  safety  analysis  that  is  used  to  (1)  predict  potential  health  and 
safety  effects,  (2)  depict  these  effects  in  terms  of  magnitude  and  likeli- 
hood, (3)  compare  the  results  to  acceptability  standards,  and  (4)  document 
the  process  and  results  in  an  appropriate  and  usable  format. 

Conceptual  model 

A  conceptual  model  is  an  abstraction  of  the  relationships  among  the 
system  and  its  component  subsystems,  processes,  geometric  structures,  and 
bounding  environmental  conditions.  The  conceptual  model  is  a  set  of  these 
relationships,  selected  from  among  a  larger  set  of  possible  relationships  and 
conditions,  that  is  sufficient  to  describe  the  system  for  the  intended 
application  of  the  model  to  a  preclosure  safety  or  postclosure  waste 
isolation  assessment.  Ideally,  these  relationships  and  their  alternatives 
are  expressed  in  terms  of  testable  hypotheses. 

Model 

A  model  is  a  representation  of  a  system  that  implements  the  conceptual 
model  in  terms  of  quantitatively  linking  key  features  or  aspects  of  the 
conceptual  model  with  important  behaviors,  such  as  containment  and  isolation. 
A  quantitative  model  may  range  in  complexity  from  simple,  closed-form 
analytical  solutions  of  one  or  more  governing  equations  to  numerical  models 
that  rely  on  sophisticated  and  complex  computer  codes  and  resources.  Of 
necessity,  mathematical  models  will  only  be  applied  to  problems  that  are 
mathematically  well  posed,  meaning  that  a  solution  does  exist. 

Code 

A  code  is  a  sequence  of  mathematical  expressions  and  computer 
instructions  written  so  that  a  computer  can  implement  those  instructions  and 
solve  the  mathematical  expressions  as  directed.  A  code,  with  appropriate 
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data,  implements  the  model,  and  running  the  code  quantifies  the  predictions 
of  the  model. 

Validation 

The  concept  of  validation  was  defined  by  the  International  Atomic  Energy 
Agency  (IAEA,  1982)  as  follows: 

A  conceptual  model  and  the  computer  code  derived  from  it  are 
"validated"  when  it  is  confirmed  that  the  conceptual  model  and 
the  derived  computer  code  provide  a  good  representation  of  the 
actual  processes  occurring  in  the  real  system.  Validation  is 
thus  carried  out  by  comparison  of  calculations  with  field 
observations  and  experimental  measurements. 

This  definition  is  adequate  for  many  cases  but  is  not  strictly  appropri- 
ate for  the  long-term  and  large-scale  postclosure  system  performance  predic- 
tions that  cannot  be  compared  with  field  measurements  or  replicated  in  a  lab- 
oratory. The  definition  does,  however,  separate  the  validation  problem  into 
two  aspects:  (1)  ascertaining  when  the  model  has  achieved  a  good  representa- 
tion of  the  system  and  (2)  comparing  predictive  results  to  appropriate  obser- 
vations and  experimental  results. 

Validation  in  the  repository  program 

Reasons  for  validation 

In  the  repository  program,  the  record  that  will  be  provided  by  the  DOE 
to  support  the  NRC's  licensing  decision-making  will  consist  in  large  part  of 
information  from  the  site  characterization  and  design  programs.  The 
laboratory  and  field  studies  of  these  two  programs  will,  however,  be  used  to 
support  one  of  the  most  important  parts  of  the  license  application,  the 
predictive  modeling  that  is  to  be  done  to  demonstrate  regulatory  compliance 
related  to  Key  Issue  1.  Many  types  of  scientific  investigations  will  be  used 
to  create  the  data  bases  needed  to  support  the  predictive  modeling  effort. 
Empirical  field  and  laboratory  data  will  be  used  in  modeling  as  the  basis  for 
(1)  formulating  the  conceptual  model  and  its  component  hypotheses,  (2)  eval- 
uating the  conceptual  model  in  terms  of  selecting  between  competing  hypothe- 
ses, which  includes  selecting  alternative  processes,  and  (3)  evaluating  the 
predictive  validity  of  the  model  that  implements  the  conceptual  model. 

The  record  that  the  DOE  places  before  the  NRC  as  part  of  its  license 
application  must  address  the  appropriateness  and  quality  of  the  data,  includ- 
ing the  data  that  is  used  to  support  the  building  of  predictive  models.  The 
record  must  also  show  that  all  lines  of  code  constituting  a  predictive  model 
have  been  verified  in  terms  of  their  correct  implementation  of  the  mathemati- 
cal expressions  embodied,  as  described  in  Section  8.3.5.19.   In  addition, 
validation,  or  the  demonstration  of  the  correctness  of  the  conceptualization 
of  the  system  being  modeled  and  of  the  implementation  of  that  conceptualiza- 
tion in  a  predictive  model,  must  also  be  addressed  in  the  record  because 
validation  is  a  fundamental  part  of  the  scientific  process  of  building  and 
demonstrating  the  competence  of  a  quantitative  predictive  model. 
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Limitations  on  validation 

As  noted  previously  in  the  definition  of  validation,  the  estimate  of 
postclosure  repository  performance  resulting  from  a  performance  assessment 
cannot  be  compared  to  experimental  measures  of  system  performance.   In  other 
words,  direct  experimental  corroboration  of  models  via  full-scale,  full- 
duration  testing  is  not  feasible  because  of  the  time  scales  over  which  the 
repository  is  required  to  isolate  waste  (10,000  yr)  and  the  length  scales  for 
which  performance  measures  are  specified  (kilometers) .   In  addition,  the 
performance  of  the  waste  disposal  system  must  be  estimated  for  a  variety  of 
potential  future  scenarios,  further  complicating  the  ability  to  design 
experiments  that  yield  results  to  which  long-term  system  behavior  predictions 
can  meaningfully  be  compared. 

In  terms  of  the  postclosure  aspects  of  the  repository  performance 
assessment  program,  the  role  of  model  validation  is  to  demonstrate  the  state 
or  performance  of  the  repository  system  to  within  some  acceptable  limits  of 
uncertainty.  The  sources  of  uncertainty  in  a  repository  system  model  derive 
from  (1)  uncertainties  associated  with  the  conceptual  model  on  which  the 
system  model  is  based,  (2)  measurement  errors  and  sparse  data,  (3)  intrinsic 
heterogeneities  of  internal  system  properties  or  processes,  and  (4)  uncer- 
tainty in  the  future  environmental  setting  of  the  repository  (adapted  from 
Dettinger  and  Wilson,  1981) .  The  sparsity  of  data  is,  in  part,  a  consequence 
of  the  need  to  limit  characterization  of  the  site  so  as  to  "limit  adverse 
effects  on  the  long-term  performance  of  the  geologic  repository  to  the  extent 
practical."  (10  CFR  60.15(d)(1)) 

To  achieve  an  adequate  degree  of  validation,  appropriate  data  from 
scientific  investigations  and  from  the  design  effort  are  needed  to  ensure 
that  system  descriptions  and  modeling  assumptions  are  appropriate  and 
adequate,  and  peer  reviews  may  be  necessary  to  assess  the  competence  of  the 
scientific  investigations  and  judge  the  uses  made  of  results.  Difficulties 
exist  in  the  application  of  the  results  of  scientific  investigations  to  the 
validation  of  postclosure  predictive  modeling.  For  example,  in  a  hydrogeo- 
logic  system  in  which  ground-water  flow  velocity  is  small  (less  than  1  mm/yr 
(0.04  in./yr)),  direct  measurement  of  mechanical  dispersivity  on  the  scale  of 
1  to  10  km  (0.6  to  6  mi)  will  not  be  possible  because  a  field  experiment 
would  have  to  be  run  for  thousands  of  years  to  yield  pertinent  data.  Thus, 
some  of  the  data  sparsity  that  contributes  to  the  overall  uncertainty  of  the 
predictive  model  is  irreducible,  and  peer  reviews  may  be  needed  to  judge 
whether  or  not  the  residual  uncertainty  allows  the  predictive  result  to  meet 
regulatory  requirements  with  reasonable  assurance. 

That  the  validity  of  regulatory  compliance  calculations  cannot  be 
established  in  the  sense  that  prediction  is  compared  with  observation  is 
acknowledged  by  the  U.S.  Environmental  Protection  Agency  (EPA)  in  its  40  CFR 
Part  191,  where  Paragraph  191.13  (b)  says  in  part 

Proof  of  the  future  performance  of  a  disposal  system  is  not  to 
be  had  in  the  ordinary  sense  of  the  word  in  situations  that 
deal  with  much  shorter  time  frames.   Instead,  what  is  required 
is  a  reasonable  expectation,  on  the  basis  of  the  record  before 
the  implementing  agency,  that  compliance  with  191.13  (a)  will 
be  achieved. 
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[Note:  191.13  (a)  specifies  the  10,000  year  containment  requirement  and 
that  compliance  is  to  be  shown  through  performance  assessments.] 

Similarly,  the  NRC  discusses  the  evidence  that  may  support  a  regulatory 
compliance  calculation  in  terms  that  also  recognize  that  the  nature  of  these 
long-term  projections  of  system  performance  limits  their  certainty  and  hence 
limits  the  degree  to  which  validity  can  be  established.  The  NRC s  10  CFR 
Part  60,  Paragraph  60.101 (a)  (2)  states  in  part 

Proof  of  the  future  performance  of  engineered  barrier  systems 
and  the  geologic  setting  over  time  periods  of  many  hundreds  or 
many  thousands  of  years  is  not  to  be  had  in  the  ordinary  sense 
of  the  word.  For  such  long  term  objectives  and  criteria,  what 
is  required  is  reasonable  assurance,  making  allowance  for  the 
time  period,  hazards,  and  uncertainties  involved,  that  the 
outcome  will  be  in  conformance  with  those  objectives  and 
criteria. 

Others  have  recognized  the  difficulties  inherent  in  validating  complex 
environmental  models,  even  those  for  which  some  level  of  comparison  with 
system  performance  is  possible  (Gass,  1983;  Sargent,  1987) .  Cale  and  Shugart 
(1980)  and  Eisenberg  et  al.  (1987)  point  out  that  partial  validation  of  a 
model  may  be  feasible  and  will  enhance  model  credibility. 

Validation  is  application  dependent,  and  thus  must  be  performed  for  the 
particular  circumstances  of  the  problem  under  consideration.  This 
application-dependence  of  model  validation  has  been  recognized  by  the  EPA  in 
its  published  protocols  for  validating  an  application  of  a  specific,  well- 
documented  and  accepted  model  used  in  air-pollution  studies  addressing 
regulatory  siting  criteria  (EPA,  1987) . 

The  application-dependence  of  validation  was  also  addressed  by  Eisenberg 
et  al.  (1987)  but  from  a  different  perspective.   In  terms  of  setting  priori- 
ties for  validation  activities,  for  example,  it  was  suggested  that  the  pri- 
ority given  to  the  validation  of  a  model  be  determined  by  the  role  the  model 
has  in  evaluating  safe  operation.  This  is  equivalent  to  the  priority  the 
model  has  in  demonstrating  compliance  with  the  EPA  system  performance 
requirement  and  the  NRC  subsystem  performance  requirements.  Thus,  the 
importance  of  a  given  validation  effort  is  linked  to  the  importance  of  the 
given  application  to  the  overall  demonstration  of  regulatory  compliance,  and 
resources  will  be  allocated  accordingly. 

Finally,  Brinberg  and  McGrath  (1985)  conclude  that  one  of  the  difficul- 
ties associated  with  model  validation  is  that  the  nature  of  the  validation 
need,  and  even  the  meaning  of  validation,  may  change  at  different  stages  of 
the  modeling  and  research  process.   Similarly,  Eisenberg  et  al.  (1987) 
suggest  that  the  NRC's  10  CFR  Part  60,  Subpart  F,  which  mandates  a  perform- 
ance confirmation  period,  provides  time  for  this  type  of  continuous  feedback 
process  for  model  confirmation  beyond  what  is  achieved  at  licensing.   This, 
in  turn,  suggests  that  at  the  time  of  permanent  closure  there  is  a  need  for  a 
more  comprehensive  validation  to  accompany  the  assessments  addressing  the 
postclosure  performance  requirements  than  there  was  for  the  more  preliminary 
phases  of  the  licensing  process. 
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8.3.5.20.5  Validation  program 

Scientific  validation  activities 

The  DOE  goal  for  validating  performance  assessment  models  is  to  use  all 
appropriate  means  to  ensure  that  modeling  results  are  accurate  within  an 
acceptable  degree  of  uncertainty  and  that  regulatory  requirements  are 
satisfied  with  reasonable  assurance.  The  validation  approach  is  still  being 
formulated  in  detail  for  specific  aspects  of  the  requisite  compliance 
demonstrations,  but  the  approach  would  include  applying  the  models  to  predict 
the  outcomes  of  specific  scientific  investigations.  The  NRC  has  suggested 
that  in  terms  of  the  long-term  postclosure  performance  objectives  imposed  by 
the  regulations: 

Demonstration  of  compliance  with  such  objectives  and  criteria 
will  involve  the  use  of  data  from  accelerated  tests  and 
predictive  models  that  are  supported  by  such  measures  as  field 
and  laboratory  tests,  monitoring  data  and  natural  analog 
studies.   (10  CFR  Part  60,  Paragraph  60.101(a) (2)) 

These  are  scientific  investigations  and  other  activities  that  can  be 
carried  out  on  a  human  time  scale,  and  will  be  carried  out  to  support 
resolution  of  the  questions  addressed  in  validation.  A  more  complete  list 
would  include 

1.  Laboratory  experiments. 

2.  Field  investigation,  i.e.,  monitoring,  in  situ  tests  in  the 
exploratory  shaft  facility,  field  tests,  and  studies  that  are  part 
of  the  surface-based  studies  at  the  site. 

3.  Analog  studies,  i.e.,  natural,  anthropogenic,  and  laboratory 
analogs. 

4.  Numerical  or  synthetic  modeling  experiments. 

5.  Theoretical  scoping  studies  and  asymptotic  bounding  estimates. 

The  investigations  and  activities  that  may  provide  useful  information 
for  validation  each  have  positive  aspects  and  limitations,  as  has  been  dis- 
cussed elsewhere  (Eisenberg  et  al.,  1987).  Many  of  the  site  characterization 
activities  outlined  in  Section  8.3.1  may  be  used  to  support  model  validation. 
These  activities  and  their  relationship  to  the  testing  of  alternative  con- 
ceptual models  are  described  in  Section  8.3.1.1  and  Tables  8.3.1.2-2a  and 
-2b,  8.3.1.3-2,  8.3.1.4-2,  8.3.1.5-3,  8.3.1.8-7  and  -8,  8.3.1.9-3, 
8.3.1.15-2,  and  8.3.1.17-7  and  -8. 

Performance  assessment  models  are  planned  to  be  subjected  to  impartial 
and  critical  peer  review  throughout  their  inception,  development,  testing, 
and  repository  system  application.   Testing  would  include  the  model's 
application  to  predicting  the  outcomes  of  appropriate  investigations  and 
activities  as  listed  above,  and  would  also  include  the  sensitivity  and 
uncertainty  analyses  performed  to  describe  the  characteristics  of  the  model 
and  to  quantify  some  of  the  uncertainty  in  its  predictive  results. 
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Hypothesis  testing 

As  noted  in  the  definition  of  "conceptual  model,"  a  conceptual  model  is 
developed  from  hypotheses  and,  where  appropriate,  competing  or  counter- 
hypotheses.  Experiments  can  be  constructed  that  will  attempt  to  falsify  a 
hypothesis  or  that  will  allow  discrimination  between  competing  hypotheses. 
The  pursuit  of  this  type  of  experimental  validation  of  the  component 
hypotheses  of  a  conceptual  model  is  called  "hypothesis  testing." 

A  conceptualization  of  a  complex  system  would  have  numerous  component 
hypotheses  and  numerous  counter-hypotheses  that  can  be  experimentally 
evaluated.  This  implies  that  a  program  of  hypothesis  testing,  and  where 
possible  elimination,  is  a  necessary  part  of  formulating  a  provisional 
conceptual  model  for  a  system.  The  hypothesis  testing  program  is  discussed 
in  Section  8.3.1. 

A  conceptual  model  is  developed  on  the  basis  of  many  sources  of  data  and 
evidence.  It  is  desirable  that  the  conceptual  model  be  consistent  with  as 
many  of  these  sources  of  data  and  evidence  as  possible.  The  conceptual  model 
must  also  be  complete  in  the  sense  that  at  a  minimum  it  must  provide  hypo- 
theses that  address  the  important  aspects  of  system  performance.  Generally, 
conceptual  models  that  describe  more  aspects  of  system  behavior  are  more 
desirable.  Section  8.3.1  discusses  the  evaluation  of  the  adeguacy  of 
conceptual  models.  Questions  that  will  be  addressed  in  such  evaluations  are 
to  include  the  following: 

1.  Are  the  repository  system  and  its  subsystems  described  accurately 
enough  with  respect  to  the  enclosing  environmental  setting  (i.e., 
the  geologic  framework,  the  hydrologic  regime,  and  the  boundary  and 
initial  conditions) ? 

2.  Are  the  physicochemical  and  other  processes  governing  repository 
performance  properly  identified  and  incorporated  into  the 
performance  assessment  conceptual  models  and  quantitative  models? 

3.  Are  systems  dynamics  and  responses  to  changing  conditions,  both 
evolutionary  and  disruptive,  capable  of  being  addressed  by  both  the 
conceptual  and  quantitative  models? 

Since  the  degree  of  knowledge  concerning  a  system  would  improve  with 
time,  new  data  or  observations  may  become  available  that  may  conflict  with 
aspects  of  the  provisional  conceptual  model.  Thus,  conceptual  model 
development  will  be  an  evolving  and  iterative  process  of  model  modification, 
testing,  and  refinement,  as  described  by  Mankin  et  al.  (1977) . 

International  validation  programs 

Some  validation  activities  are  currently  being  pursued  by  the  DOE 
through  the  international  cooperative  validation  study,  INTRAVAL. 

INTRAVAL  was  established  in  October  1987  by  the  Swedish  Nuclear  Power 
Inspectorate  in  Stockholm,  with  cooperation  from  the  Nuclear  Energy  Agency  in 
Paris  and  the  participating  nations.   The  project  is  a  cooperative  effort  to 
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validate  geosphere  transport  models  by  using  experimental,  field,  and  natural 
analog  studies.  The  problems,  or  test  cases,  being  considered  in  INTRAVAL 
include  transport  problems  in  porous  rock,  fractures,  and  fractured  rock 
masses  in  saturated  and  unsaturated  flow.  The  DOE  participation  consists  of 
teams  that  are  to  solve  selected  field  cases  and  conduct  an  unsaturated  zone 
laboratory  and  field  experiment  that  has  been  selected  for  inclusion  in  the 
INTRAVAL  project. 

Peer  review 

Peer  review  will  be  formalized  through  the  establishment  of  applica- 
bility and  review  criteria  before  conducting  a  review.  These  criteria  and 
the  procedures  that  are  to  be  followed  in  the  review  may  be  set  by  the 
designated  review  bodies.   In  establishing  these  criteria,  the  review  body 
will  consider  the  implications  of  the  modeling  under  review  in  terms  of 
system  safety  and  performance.  The  criteria  will  be  specific  to  the  com- 
parisons at  hand,  taking  into  account  the  characteristics,  limitations,  and 
uncertainties  in  both  the  modeling  and  experimental  results.  The  final 
determination  of  modeling  adequacy  will  also  address  whether  or  not,  taking 
into  account  all  uncertainties,  there  is  a  sufficient  basis  for  judging  that 
the  regulatory  requirement  being  addressed  will  be  met  with  reasonable 
assurance.  A  negative  finding,  as  described  in  Figure  1  of  Eisenberg  and  Van 
Luik  (1987),  requires  reconsideration  of  system  data,  design,  and  performance 
allocations,  as  well  as  of  the  modeling. 

Peer  review  will  address  model  construction  and  implementation  in  order 
to  be  able  to  assess  the  adequacy  of  the  model  as  an  appropriate  represen- 
tation of  the  repository  system  or  its  subsystems,  which  is  a  part  of  valida- 
tion by  definition.  As  noted  by  Eisenberg  et  al.  (1987),  the  following 
issues  must  be  addressed: 

1.  Are  the  repository  system  and  its  important  subsystems  described 
accurately  enough  in  terms  of  geometry  and  physical  parameters? 

2.  Are  the  internal  operating  conditions  (temperature,  pressure,  etc.) 
and  external  states  of  nature  adequately  described  for  the  reposi- 
tory and  its  important  subsystems? 

3.  Are  the  physicochemical  processes  that  are  important  in  determining 
system  performance  identified  for  the  repository  and  its  important 
subsystems? 
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